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interface with the tubular member coupled to the 
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of the sealing assembly, first and second adjustable 
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MONO DIAMETER WELLBORE CASING 
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Background Of The Invention 

This invention relates generally to oil and gas exploration, and in particular to forming 
and repairing wellbore casings to facilitate oil and gas exploration 
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Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid from the formation into the borehole 
5 The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward direction. Cement 

10 annuh are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 

15 Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed 

20 The present invention is directed to overcoming one or more of the limitations of the 
existing procedures for forming and/or repairing wellbore casings. 

Summary of the Invention 

25 According to one aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes a 
float shoe adapted to mate with an end of the expandable tubular member, an 
adjustable expansion mandrel coupled to the float shoe adapted to be controllabiy 
expanded to a larger outside dimension for radial expansion of the expandable tubular 

30 member or collapsed to a smaller outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to controllabiy displace the adjustable 
expansion mandrel relative to the expandable tubular member, a locking device 
coupled to the actuator adapted to controllabiy engage the expandable tubular 
member, and a support member coupled to the locking device. 

4 



According to another aspect of the present invention, a method for radially expanding 
and plastically deforming an expandable tubular member within a borehole is provided 
that includes positioning an adjustable expansion mandrel within the expandable 
5 tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel within the borehole, lowering the adjustable expansion mandrel out 
of the expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative 
to the expandable tubular member n times to radially expand and plastically deform n 
10 portions of the expandable tubular member. 

According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning an adjustable expansion 
mandrel within a first expandable tubular member, supporting the first expandable 

15 tubular member and the adjustable expansion mandrel within a borehole, lowering the 
adjustable expansion mandrel out of the first expandable tubular member, increasing 
the outside dimension of the adjustable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the first expandable tubular member *n times to 
radially expand and plastically deform m portions of the first expandable tubular 

20 member within the borehole, positioning the adjustable expansion mandrel within a 
second expandable tubular member, supporting the second expandable tubular 
member and the adjustable expansion mandrel within the borehole in overlapping 
relation to the first expandable tubular member,, lowering the adjustable expansion 
mandrel out of the second expandable tubular member, increasing the outside 

25 dimension of the adjustable expansion mandrel, and displacing the adjustable 
expansion mandrel upwardly relative to the second expandable tubular member n 
times to radially expand and plastically deform n portions of the second expandable 
tubular member within the borehole. 

30 According to another aspect of the present invention, an apparatus for radially 
expanding and plastically deforming an expandable tubular member is provided that 
includes a float shoe adapted to mate with an end of the expandable tubular member, 
an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular 



member or collapsed to a smaller outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to controllably displace the adjustable 
expansion mandrel relative to the expandable tubular member, a locking device 
coupled to the actuator adapted to controllably engage the expandable tubular 
5 member, a support member coupled to the locking device, and a sealing member for 
sealingly engaging the expandable tubular member adapted to define a pressure 
chamber above the adjustable expansion mandrel during radial expansion of the 
expandable tubular member. 

10 According to another aspect of the present invention, a method for radially expanding 
and plastically deforming an expandable tubular member within a borehole is provided 
that includes positioning an adjustable expansion mandrel within the expandable 
tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel within the borehole, lowering the adjustable expansion mandrel out 

15 of the expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the expandable tubular member r\ times to radially expand and plastically deform n 
portions of the expandable tutelar member within the borehole, and pressurizing fi 
interior region of the expandable tubular member above the adjustable expansion 

20 mandrel during the radial expansion and plastic deformation of the expandable tubular 
member within the borehole. 

According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning an adjustable expansion 

25 mandrel within a first expandable tubular member, supporting the first expandable 
tubular member and the adjustable expansion mandrel within a borehole, lowering the 
adjustable expansion mandrel out of the first expandable tubular member, increasing 
the outside dimension of the adjustable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the first expandable tubular member m times to 

30 radially expand and plastically deform m portions of the first expandable tubular 
member within the borehole, pressurizing an interior region of the first expandable 
tubular member above the adjustable expansion mandrel during the radial expansion 
and plastic deformation of the first expandable tubular member within the borehole, 
positioning the adjustable expansion mandrel within a second expandable tubular 
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member, supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first expandable 
tubular member, lowering the adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the adjustable 

5 expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the second expandable tubular member n times to radially expand and plastically 
deform n portions of the second expandable tubular member within the borehole, and 
pressurizing an interior region of the second expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic deformation of 

1 0 the second expandable tubular member within the borehole. 

According to another aspect of the present invention, an apparatus for drilling a 
borehole wrthin a subterranean formation and then radially expanding and plastically 
deforming an expandable tubular member within the drilled borehole is provided that 

15 includes a float shoe adapted to mate with an end of the expandable tubular member, a 
drilling member coupled to the float shoe adapted to drill the borehole, an adjustable 
expansion mandrel coupled to the float shoe adapted to be controllably expanded to a 
larger outside dimens.on for radial e.oansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable 

20 expansion mandrel adapted to controllably displace the adjustable expansion mandrel 
relative to the expandable tubular member, a locking device coupled to the actuator 
adapted to controllably engage the expandable tubular member, and a support 
member coupled to the locking device 

25 According to another aspect of the present invention, a method for drilling a borehole 
wrthin a subterranean formation and then radially expanding and plastically deforming 
an expandable tubular member with.n the drilled borehole is provided that include 
positioning an adjustable expansion mandrel with.n the expandable tubular member, 
coupling a drilling member to an end of the expandable tubular member, dnlling the 

30 borehole using the drilling member, positioning the adjustable expansion mandrel and 
the expandable tubular member with.n the drilled borehole, lowering the adjustable 
expansion mandrel out of the expandable tubular member, .ncreasing the outside 
dimension of the adjustable expansion mandrel, and displacing the adjustable 
expansion mandrel upwardly relative to the expandable tubular member n times to 

7 
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radially expand and plastically deform n portions of the expandable tubular member 
within the drilled borehole. 

According to another aspect of the present invention, a method for forming a mono 
5 diameter wellbore casing within a borehole is provided that includes positioning an 
adjustable expansion mandrel within a first expandable tubular member, coupling a 
dnlling member to an end of the first expandable tubular member, drilling a first section 
of the borehole using the drilling member, supporting the first expandable tubular 
member and the adjustable expansion mandrel within the drilled first section of the 

10 borehole, lowering the adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plastically deform m portions of the first 
expandable tubular member within the drilled first section of the borehole, positioning 

15 the adjustable expansion mandrel within a second expandable tubular member, 
coupling the drilling member to an end of the second expandable tubular member, 
drilling a second section of the borehole using the drilling member, supporting the 
second expandable tubular member and the adjustable expansion mandrel within the 
borehole in overlapping relation to the first expandable tubular member within the 

20 second drilled section of the borehole, lowering the adjustable expansion mandrel out 
of the second expandable tubular member, increasing the outside dimension of the 
adjustable expansion mandrel, and displacing the adjustable expansion mandrel 
upwardly relative to the second expandable tubular member n times to radially expand 
and plastically deform n portions of the second expandable tubular member within the 

25 drilled second section of the borehole. 

According to another aspect of the present invention, an apparatus for drilling a 
borehole within a subterranean formation and then radially expanding and plastically 
deforming an expandable tubular member within the drilled borehole is provided that 
30 includes a float shoe adapted to mate with an end of the expandable tubular member, a 
drilling member coupled to the float shoe adapted to drill the borehole, an adjustable 
expansion mandrel coupled to the float shoe adapted to be controllably expanded to a 
larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable 
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expansion mandrel adapted to controllably displace the adjustable expansion mandrel 
relat.ve to the expandable tubular member, a locking device coupled to the actuator 
adapted to controllably engage the expandable tubular member, a support member 
coupled to the locking device, and a sealing member for sealing engaging the 
expandable tubular member adapted to define a pressure chamber above the 
adjustable expansion mandrel during the radial expansion of the expandable tubular 
member. 

According to another aspect of the present invention, a method for drilling a borehole 
within a subterranean formation and then radially expanding and plastically deforming 
an expandable tubular member within the drilled borehole is provided that includes 
positioning an adjustable expans.on mandrel within the expandable tubular member, 
coupling a drilling member to an end of the expandable tubular member, dnlling the 
borehole using the drilling member, positioning the adjustable expansion mandrel and 
the expandable tubular member within the drilled borehole, lowering the adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion 
n Mndrel upwardly relative to the expandable tubular me* iber n times to radially expand 
and plastically deform n portions of the expandable tubular member within the drilled 
borehole, and pressuring an interior portion of the expandable tubular member above 
the adjustable expansion mandrel during the radtal expans.on and plastic deformation 
of the expandable tubular member within the drilled borehole 

According to another aspect of the present invention, a method for form.ng a mono 
diameter wellbore cas.ng within a borehole is provided that includes posifioning an 
adjustable expans.on mandrel within a first expandable tubular member, coupling a 
drilling member to an end of the first expandable tubular member, drilling a first section 
of the borehole using the drilling member, supporting the first expandable tubular 
member and the adjustable expansion mandrel within the drilled first section of the 
borehole, lowering the adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimens.on of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plastically deform m portions of the first 
expandable tubular member within the drilled first section of the borehole, pressuring 
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an interior portion of the first expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the first 
expandable tubular member within the first drilled section of the borehole, posit.on.ng 
the adjustable expansion mandrel within a second expandable tubular member, 

5 coupling the drilling member to an end of the second expandable tubular member, 
drilling a second section of the borehole using the drilling member, support.ng the 
second expandable tubular member and the adjustable expansion mandrel with.n the 
borehole in overiappmg relation to the first expandable tubular member within the 
second drilled sect.cn of the borehole, lowering the adjustable expans.on mandrel out 

10 of the second expandable tubular member, increas.ng the outside dimension of the 
adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the second expandable tubular member n times to radially expand and 
plastically deform n portions of the second expandable tubular member w.th.n the 
drilled second sect.cn of the borehole, and pressuring an .nterior portion of the second 

15 expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic deformation of the second expandable tubular member wrthin 
the drilled second section of the borehole 

ft 

According to another aspect of the present invention, an apparatus for radially 
20 expanding and plastically deforming an expandable tubular member is provided that 
includes a float shoe adapted to mate with an end of the expandable tubular member, a 
first adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a first larger outside dimension for radial expansion of the expandable 
tubular member or collapsed to a first smaller outside dimension, a second adjustable 
25 expans.on mandrel coupled to the first adjustable expansion mandrel adapted to be 
controllably expanded to a second larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a second smaller outside dimension, an 
actuator coupled to the first and second adjustable expansion mandrels adapted to 
controllably displace the first and second adjustable expansion mandrels relative to the 
30 expandable tubular member, a locking device coupled to the actuator adapted to 
controllably engage the expandable tubular member, and a support member coupled to 
the locking device. The first larger outside dimension of the first adjustable expansion 
mandrel is larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 
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According to another aspect of the present invention, a method for radially expanding 
and plastically deforming an expandable tubular member within a borehole is provided 
that includes positioning first and second adjustable expansion mandrels within the 

5 expandable tubular member, supporting the expandable tubular member and the first 
and second adjustable expansion mandrels within the borehole, lowering the first 
adjustable expansion mandrel out of the expandable tubular member, increasing the 
outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable tubular member to 

10 radially expand and plastically deform a lower portion of tne expandable tubular 
member, displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the expandable tubular member, decreasing 
the outside dimension of the first adjustable expansion mandrel and increasing the 
outside dimension of the second adjustable expansion mandrel, and displacing the 

15 second adjustable expansion mandrel upwardly relative to the expandable tubular 
member to radially expand and plastically deform portions of the expandable tubular 
member above the lower portion of the expandable tubular member. The outside 
dimension of tt« first adjustable expansion mandrel is greater thin the outside 
dimension of the second adjustable expansion mandrel. 

20 

According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning first and second 
adjustable expansion mandrels within a first expandable tubular member, supporting 
the first expandable tubular member and the first and second adjustable expansion 

25 mandrels within a borehole, lowering the first adjustable expansion mandrel out of the 
first expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
upwardly relative to the first expandable tubular member to radially expand and 
plastically deform a lower portion of the first expandable tubular member, displacing the 

30 first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the first expandable tubular member, decreasing the outside 
dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the first expandable tubular member 
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to radially expand and plastically deform portions of the first expandable tubular 
member above the lower portion of the expandable tubular member, positioning first 
and second adjustable expansion mandrels within a second expandable tubular 
member, supporting the first expandable tubular member and the first and second 
5 adjustable expansion mandrels within the borehole in overlapping relation to the first 
expandable tubular member, lowering the first adjustable expansion mandrel out of the 
second expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
upwardly relative to the second expandable tubular member to radially expand and 

10 plastically deform a lower portion of the second expandable tubular member, displacing 
the first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the second expandable tubular member, decreasing the outside 
dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, and displacing the second 

15 adjustable expansion mandrel upwardly relative to the second expandable tubular 
member to radially expand and plastically deform portions of the second expandable 
tubular member above the lower portion of the second expandable tubular member. 
The outside dimension jf the first adjustable expansion mandrel is greater *Man the 
outside dimension of the second adjustable expansion mandrel. 

20 

According to another aspect of the present invention, an apparatus for radially 
expanding and plastically deforming an expandable tubular member is provided that 
includes a float shoe adapted to mate with an end of the expandable tubular member, a 
first adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

25 expanded to a first larger outside dimension for radial expansion of the expandable 
tubular member or collapsed to a first smaller outside dimension, a second adjustable 
expansion mandrel coupled to the first adjustable expansion mandrel adapted to be 
controllably expanded to a second larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a second smaller outside dimension, an 

30 actuator coupled to the first and second adjustable expansion mandrels adapted to 
controllably displace the first and second adjustable expansion mandrels relative to the 
expandable tubular member, a locking device coupled to the actuator adapted to 
controllably engage the expandable tubular member, a support member coupled to the 
locking device, and a sealing member for sealingly engaging the expandable tubular 



adapted to define a pressure chamber above the first and second adjustable expansion 
mandrels dunng the radial expansion of the expandable tubular member. The first 
larger outside dimension of the first adjustable expansion mandrel is larger than the 
second larger outside dimension of the second adjustable expansion mandrel. 

5 

According to another aspect of the present invention, a method for radially expanding 
and plastically deforming an expandable tubular member within a borehole is provided 
that includes positioning first and second adjustable expansion mandrels within the 
expandable tubular member, supporting the expandable tubular member and the first 

10 and second adjustable expansion mandrels within the borehole, lowering the first 
adjustable expansion mandrel out of the expandable tubular member, increasing the 
outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable tubular member to 
radially expand and plastically deform a lower portion of the expandable tubular 

15 member, pressurizing an interior region of the expandable tubular member above the 
first adjustable expansion mandrel during the radial expansion of the lower portion of 
the expandable tubular member by the first adjustable expansion mandrel, displacing 
the first adjustable expansion nrondrel and the second adjustable expansion mandre> 
downwardly relative to the expandable tubular member, decreasing the outside 

20 dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the expandable tubular member to 
radially expand and plastically deform portions of the expandable tubular member 
above the lower portion of the expandable tubular member, and pressurizing an interior 

25 region of the expandable tubular member above the second adjustable expansion 
mandrel during the radial expansion of the portions of the expandable tubular member 
above the lower portion of the expandable tubular member by the second adjustable 
expansion mandrel. The outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel. 
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According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning first and second 
adjustable expansion mandrels within a first expandable tubular member, supporting 
the first expandable tubular member and the first and second adjustable expansion 
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mandrels within a borehole, lowering the first adjustable expansion mandrel out of the 
first expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
upwardly relative to the first expandable tubular member to radially expand and 
5 plastically deform a lower portion of the first expandable tubular member, pressurizing 
an interior region of the first expandable tubular member above the first adjustable 
expansion mandrel during the radial expansion of the lower portion of the first 
expandable tubular member by the first adjustable expansion mandrel, displacing the 
first adjustable expansion mandrel and the second adjustable expansion mandrel 

10 downwardly relative to the first expandable tubular member, decreasing the outside 
dimension of the first adjustable expansion mandrel and increasing the putside 
dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the first expandable tubular member 
to radially expand and plastically deform portions of the first expandable tubular 

15 member above the lower portion of the expandable tubular member, pressurizing an 
interior region of the first expandable tubular member above the second adjustable 
expansion mandrel during the radial expansion of the portions of the first expandable 
tubular member above the lower portion < * the first expandable tubular member by the 
second adjustable expansion mandrel, positioning first and second adjustable 

20 expansion mandrels within a second expandable tubular member, supporting the first 
expandable tubular member and the first and second adjustable expansion mandrels 
within the borehole in overlapping relation to the first expandable tubular member, 
lowering the first adjustable expansion mandrel out of the second expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, 

25 displacing the first adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically deform a lower portion of 
the second expandable tubular member, pressurizing an interior region of the second 
expandable tubular member above the first adjustable expansion mandrel dunng the 
radial expansion of the lower portion of the second expandable tubular member by the 

30 first adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
and the second adjustable expansion mandrel downwardly relative to the second 
expandable tubular member, decreasing the outside dimension of the first adjustable 
expansion mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel, displacing the second adjustable expansion mandrel upwardly 



relative to the second expandable tubular member to radially expand and plastically 
deform portions of the second expandable tubular member above the lower portion of 
the second expandable tubular member, and pressurizing an interior region of the 
second expandable tubular member above the second adjustable expansion mandrel 
5 during the radial expansion of the portions of the second expandable tubular member 
above the lower portion of the second expandable tubular member by the second 
adjustable expansion mandrel. The outside dimension of the first adjustable expansion 
mandrel is greater than the outside dimension of the second adjustable expansion 
mandrel 

10 

According to another aspect of the present invention, an apparatus for radially 
expanding and plastically deforming an expandable tubular member is provided that 
includes a support member, a locking device coupled to the support member and 
releasably coupled to the expandable tubular member, an adjustable expansion 

15 mandrel adapted to be controllably expanded to a larger outside dimension for radial 
expansion and plastic deformation of the expandable tubular member or collapsed to a 
smaller outside dimension; and an actuator coupled to the locking member and the 
adjustable expansion mandrel adapted to displ,-» the adjustable expansion mandrel 
upwardly through the expandable tubular member to radially expand and plastically 

20 deform the expandable tubular member 

According to another aspect of the present invention, a method for radially expanding 
and plastically deforming an expandable tubular member within a borehole is provided 
that includes supporting the expandable tubular member, an hydraulic actuator, and an 
25 adjustable expansion mandrel within the borehole, increasing the size of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the expandable tubular member using the hydraulic actuator to radially expand and 
plastically deform a portion of the expandable tubular member. 

30 According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing within a borehole that includes a preexisting wellbore casing 
is provided that includes supporting the expandable tubular member, an hydraulic 
actuator, and an adjustable expansion mandrel within the borehole, increasing the size 
of the adjustable expansion mandrel, displacing the adjustable expansion mandrel 



upwardly relative to the expandable tubular member using the hydraulic actuator to 
radially expand and plastically deform a portion of the expandable tubular member, and 
displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member to radially expand and plastically deform the remaining portion of the 
5 expandable tubular member and a portion of the preexisting wellbore casing that 
overlaps with an end of the remaining portion of the expandable tubular member. 

Brief Description of the Drawings 

10 Fig. 1 is a fragmentary cross-sectional illustration of the placement of an embodiment 
of an apparatus for radially expanding and plastically deforming a tubular member 
within a preexisting structure. 

Fig. 2 is a fragmentary cross-sectional illustration of apparatus of Fig. 1 after displacing 
15 the adjustable expansion mandrel and the float shoe downwardly out of the end of the 
expandable tubular member. 

Fig. 3 is a fragmentary cross-sectional illustration of the apparatus of Fig. 2 after 
exp *nding the adjustable expansion mandrel. 

20 Fig. 4 is a fragmentary cross-sectional illustration of the apparatus of Fig. 3 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
deform the expandable tubular member. 

Fig 5 is a fragmentary cross-sectional illustration of the apparatus of Fig. 4 after 
25 displacing the actuator, locking device, and tubular support member upwardly relative 
to the adjustable expansion mandrel and the expandable tubular member. 

Fig. 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 5 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
30 deform the expandable tubular member. 

Fig. 6a is a fragmentary cross-sectional illustration of the apparatus of Fig. 6 that 
include one or more cup seals positioned above the adjustable expansion mandrel for 
defining an annular pressure chamber above the adjustable expansion mandrel. 
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Fig 7 is a fragmentary cross-sectional illustration of the placement of an embodiment 
of an apparatus for drilling a borehole and radially expanding and plastically deforming 
a tubular member within the drilled borehole. 

5 

Fig. 8 is a fragmentary cross-sectional illustration of the apparatus of Fig. 7 after 
pivoting the drilling elements of the drilling member radially inwardly 

Fig. 9 is a fragmentary cross-sectional illustration of apparatus of Fig. 8 after displacing 
10 the adjustable expansion mandrel and drilling member downwardly out of the end of 
the expandable tubular member. 

Fig. 10 is a fragmentary cross-sectional illustration of the apparatus of Fig. 9 after 
expanding the adjustable expansion mandrel. 

15 

Fig. 11 is a fragmentary cross-sectional illustration of the apparatus of Fig. 10 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
deform the expandable tubular member. 

20 Fig. 12 is a fragmentary cross-sectional illustration of the apparatus of Fig. 11 after 
displacing the actuator, locking device, and tubular support member upwardly relative 
to the adjustable expansion mandrel and the expandable tubular member. 

Fig. 13 is a fragmentary cross-sectional illustration of the apparatus of Fig. 12 after 
25 displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
deform the expandable tubular member. 

Fig. 14 is a fragmentary cross-sectional illustration of the placement of an embodiment 
of an apparatus for radially expanding and plastically deforming a tubular member 
30 within a preexisting structure. 

Fig. 15 is a fragmentary cross-sectional illustration of the apparatus of Fig. 14 after 
displacing the lower adjustable expansion mandrel and float shoe downwardly out of 
the end of the expandable tubular member. 
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Fig. 16 is a fragmentary cross-sectional illustration of the apparatus of Fig 15 after 
expanding the lower adjustable expansion mandrel. 

5 Fig 17 is a fragmentary cross-sectional illustration of the apparatus of Fig 16 after 
displacing the lower adjustable expansion mandrel upwardly to radially expand and 
plastically deform the expandable tubular member 

Fig 18 is a fragmentary cross-sectional illustration of the apparatus of Fig. 17 after 
10 displacing the upper and lower adjustable expansion mandrels downwardly relative to 
the expandable tubular member. 

Fig 19 is a fragmentary cross-sectional illustration of the apparatus of Fig. 18 after 
collapsing the lower adjustable expansion mandrel and expanding the upper adjustable 
15 expansion mandrel. 

Fig. 20 is a fragmentary cross-sectional illustration of the apparatus of Fig. 19 after 
displacing the upp^r adjustable expansion mandrel upwardly to radial'* expand and 
plastically deform the expandable tubular member. 

20 

Fig. 21 is a fragmentary cross-sectional illustration of the apparatus of Fig. 20 after 
displacing the tubular support member, the locking device, and the actuator upwardly 
relative to the upper adjustable expansion mandrel and the expandable tubular 
member. 

25 

Fig. 22 is a fragmentary cross-sectional illustration of the apparatus of Fig 21 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and 
plastically deform the expandable tubular member. 

30 Fig. 23 is a fragmentary cross-sectional illustration of a mono diameter wellbore casing 
formed using one or more of the apparatus of Figs 1-22. 
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Figs. 24a-24k are fragmentary cross sectional illustrations of the placement of an 
exemplary embodiment of an apparatus for radially expanding and plastically 
deforming a tubular member within a wellbore that traverses a subterranean formation. 

5 Fig. 25a-25f are fragmentary cross sectional and perspective illustrations of the 
expansion cone assembly of the apparatus of Figs. 24a-24k. 

Fig. 25g is a perspective illustration of a float shoe locking dog. 

10 Fig. 25h is a fragmentary cross sectional illustration of the design and operation of the 
casing gripper locking dogs. 

Figs. 26a-26k are fragmentary cross sectional illustrations of the apparatus of Figs 
24a-24k after expanding the expansion cone assembly 

15 

Figs. 27a-27b are a fragmentary cross sectional and perspective illustrations of the 
expansion cone assembly of the apparatus of Figs. 26a-26k. 

Figs. 28a-28j are fragmentary cross sectional illustrations of the apparatus of Figs 26a- 
20 26k during the upward displacement of the expansion cone assembly by the actuators 
to radially expand and plastically deform a portion of the casing. 

Figs. 29a-29m are fragmentary cross sectional illustrations of the apparatus of Figs. 
28a-28j after the collapse of the expansion cone assembly. 

25 

Fig. 30a-30c are fragmentary cross sectional illustrations of the process for collapsing 
the expansion cone assembly of the apparatus of Figs. 29a-29m 

Figs. 31a-31n are fragmentary cross sectional illustrations of the apparatus of Figs. 
30 29a-29m after the plastic deformation and radial expansion of the sealing sleeve and 
the disengagement of the casing from the locking dogs of the casing lock assembly. 
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Figs 32a-32k are fragmentary cross sectional illustrations of the apparatus of Figs. 
31a-31n after setting down the apparatus onto the bottom of the wellbore to open the 
bypass valve in the shoe and expand the expansion cone assembly. 

Figs. 33a-33p are fragmentary cross sectional illustrations of the apparatus of Figs. 
32a-32k during the radial expansion and plastic deformation of the casing 

Figs. 34a-34l are fragmentary cross sectional illustrations of the apparatus of Figs. 33a- 
33p during the radial expansion and plastic deformation of a portion of the casing that 
overlaps within a preexisting wellbore casing within the wellbore 

Figs. 35a-35l are fragmentary cross sectional illustrations of the apparatus of Figs. 28a- 
28j during the emergency collapse of the expansion cone assembly. 

Figs. 36a-36b are fragmentary cross sectional illustrations of several exemplary 
embodiments of the operation of the pressure balance piston. 

Detailed Desertion of the Illustrative Embodiments 

Referring to Fig. 1. an exemplary embodiment of an apparatus 10 for radially 
expanding and plastically deforming a tubular member 12 includes a tubular support 
member 14 that extends into the tubular member that is coupled to an end of a locking 
device 16 for controllably engaging the tubular member. Another end of the locking 
device 16 is coupled to a tubular support member 18 that is coupled to an end of an 
actuator 20. Another end of the actuator 20 is coupled to a tubular support member 22 
that is coupled to an end of an adjustable expansion mandrel 24 for radially expanding 
and plastically deforming the tubular member 12 Another end of the adjustable 
expansion mandrel 24 is coupled to a tubular support member 26 that is coupled to an 
end of a float shoe 28 that mates with and is at least partially received within a lower 
end of the tubular member 12 In an exemplary embodiment, the locking device 16, 
the tubular support member 18, the actuator 20, the tubular support member 22, the 
adjustable expansion mandrel 24, and the tubular support member 26 are positioned 
within the tubular member 12. 
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,„ an exemplary embodiment the lubula, member 12 inoiudes one or more solid and/or 
Z 1 a members, and one or more o, the solid andrar s M ed lobular mem*rs 
• le res„ien, sealing members coupled ,o ft. exlenor surfaces o, .be so„d 
sMed «ubu,ar membecs for engaging .he -here 30 and/or one or more preex,^ 
lore cas,ngs pooled ,e ,e -bore In an exempt embody £ , 
support members, .4. ,8, 22, and 26 de«ne corresponding passages. M ma r may 
JLaiveab^o, convey .luidio materials H. and/or Ihmugh .he appara.ua 10 

in an exemplar, embodiment the looKtng devfce 16 inotudes one or more conventional 
o oZ In, devices such as. tor exam*, slips andrar dogs lot oonbo„a« 
.he <ubu,ar member 12 in an exemplar, embodiment, the ,oo k ,n 9 de«e 16 
is controlled b, inieding MAC materials into the looking dm 

,„ ari exemplar, embodiment the ao.ua.or 20 is a conventional actuator ma. is adapted 
lo disced ft. adiuslabie expanse mandrel 2a and M shoe 28 upvrardl, or 
downwardly relative to the actuator 

,„ an exemplar, embodiment, t. adjusts expansion mandrel 24 i. a conventional 
dius^e expansion mandre, fta. ma, be expand 1o a large, outside d,mena,on , 
ZZ> to a smailer ou1s.de dimension „, indues eternal surface to, engage 
Tlubl member 12 to Ihereb, radial,, expand and plastics!* detorm the lubutor 
irin lhe adiuslabte ^Pension mandrel „ expanded to fte^c^ 
dimension In an alternative embodiment trie adiustabfc expanse mandrel 24 ma, 
J! a rate,, adiuslable expand dev,ce such as, ,or example, the _* 
; available totar, e„pans,on devices o. Weafterford Internabonal, Ino In several 
11 embodiments, the crass sediona, prahle - .he adiustahle e*pans,on 
^4 .or radia, expansion options ma, tor example, be an n-slded a ape, 
IT ma, vac from 2 to in*,,,, and the sxte shapes ma, inCude s.ra,g « „na 
^ems, late aegmente. parabo,io se 9 men,s. and,» hyperb* segments 
0 II, a„erna.,ve embodiments. 1h» cross <^ 

expansion mandre, 24 ma, .or example, be circular, ova,, e«,pboa,. 

multifaceted. 

, exemplary embodiment, the float shoe 28 is a conventional float shoe 
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In an exemplary embodiment, the apparatus 10 is positioned withm a preex.st.ng 
structure 30 such as, for example, a weilbore that traverses a subterranean format.on 
32 The weilbore 30 may have any orientation from vertical to honzontal. In several 
exemplary embodiments, the weilbore 30 may include one or more preexisting sol.d 
and/or slotted and/or perforated weilbore casings that may or may not overlap w.th one 
another within the weilbore 

As illustrated in Fig. 2. the adjustable expansion mandrel 24 and the float shoe 28 are 
then d,splaced downwardly out of the tubular member 12 by the actuator 20. During 
the downward displacement of the adjustable expansion mandrel 24 and the float shoe 
28 out of the tubular member 12, the tubular member is maintained in a stationary 
posit.on relative to the tubular support member 14 by the locking device 16. 

As illustrated in Fig 3, the adjustable expansion mandrel 24 is then expanded to the 
larger dimension. In several alternative embodiments, the adjustable expanse 
rrandrel 24 may be expanded to the larger dimension by, for example, injecting a 
fluidic material into the adjustable expansion mar-lrel and/or by impacting the float 
shoe 28 on the bottom of the weilbore 30. After expanding the adjustable expans.on 
mandrel 24 to the larger dimension, expansion surfaces 24a are defined on the 
adjustable expansion mandrel that may include, for example, conical, sphencal, 
elliptical, and/or hyperbolic surfaces for rad.ally expanding and plastically deform.ng the 
tubular member 12. In an exemplary embodiment, the expansion surfaces 24a also 
include means for lubricating the interface between the expansion surfaces and the 
tubular member 12 during the radial expansion and plastic deformation of the tubular 
member. 

As .llustrated in F.g. 4, the adjustable expansion mandrel 24 is then displaced upwardly 
by the actuator 20 to thereby radially expand and plastically deform a portion of the 
tubular member 12. In an exemplary embodiment, during the upward displacement of 
the adjustable expansion mandrel 24, the tubular member 12 is mainta.ned .n a 
stat,onary posit.on relative to the tubular support member 14 by the locking device 16. 
In an exemplary embodiment, the tubular member 12 is radially expanded and 
plastically deformed into engagement with the weilbore 30 and/or one or more 
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preexisting wellbore casings coupled to the wellbore 30. In an exemplary embodiment, 
the interface between the expansion surfaces 24a of the adjustable expansion mandrel 
24 and the tubular member 1 2 is not fluid tight in order to facilitate the lubrication of the 
interface between the expansion surface of the adjustable expans.on mandrel and the 
tubular member. 

As illustrated in Fig 5, the locking device 16 is then disengaged from the tubular 
member 12, and the tubular member 12 is supported by the adjustable expansion 
mandrel 24 The tubular support member 1 4, the locking device 1 6. the tubular support 
member 18, and the actuator 20 are then displaced upwardly relative to the adjustable 
expansion mandrel 24. 

As illustrated in Fig. 6, the locking device 16 then engages the tubular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support 
member 14, and the adjustable expansion mandrel 24 is displaced upwardly relative by 
the actuator 20 to radially expand and plastically deform another portion of the tubular 
member. . 

In an exemplary embodiment, the operat.ons of Figs. 5 and 6 are then repeated until 
the entire length of the tubular member 12 is radially expanded and plastically 
deformed by the adjustable expansion mandrel 24. In several alternative 
embodiments, the adjustable expansion mandrel 24 may be collapsed to the smaller 
dimension prior to the further, or complete, radial expansion and plastic deformation of 
the tubular member 12. 

In several alternative embodiments, as illustrated in Fig. 6a, the apparatus 10 further 
includes one or more cup seals 34 that are coupled to the tubular support member 22 
and engage the tubular member 12 to define an annular chamber 36 above the 
adjustable expansion cone 24, and flu.dic materials 38 are injected into the tubular 
member 12 through passages defined within the tubular support member 14, the 
locking device 16, the tubular support member 18, the actuator 20, the tubular support 
member 22, the adjustable expansion mandrel 24, the tubular support member 26, and 
the float shoe 28 to thereby pressurize the annular chamber 36. In this manner, the 
resulting pressure differential created across the cup seals 34 causes the cup seals to 
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pull the adjure expansion mandre. 24 upward.y to rad.al.y expand and p.ast,ca V 
deform the tubular member 12 In several alternative embodiments, the injection-of the 
fluidic materia. 38 into the tubu.ar member 12 is provided in combination w,th, or ,n the 
alternate to, the upward d lS p.acement of the expansion mandre. 24 by the actua or 
5 20 in several alternative embodiments, during the injection of the fluid-c matena. 38, 
the locking dev.ce 16 is disengaged from the tubular member 12. 

Referring to Fig 7, an alternative embodiment of an apparatus 100 for radially 
expanding and plastically deforming the tubu.ar member 12 is substantially .dent,ca. m 

10 design and operation to the apparatus 10 with the addition of one or more conventual 
dri.ling members 40a-40b that are pivotaHy coup.ed to the float shoe 28. Dunng 
operation of the apparatus 100. the dnl.ing members 40a-40b may be operated to 
extend the .ength and/or diameter of the we.lbore 30, for examp.e, by rotafng he 
apparatus and/or by injecting fiuidic materials into the apparatus to operate the dn.l.ng 

15 members. 

As illustrated in Fig. 7. in an exem P .ary embodiment, the apparatus 100 is initially 
positioned witl.-n the preexisting structure 30. 

20 As il.ustrated ,n Fig. 8. in an exemplary embodiment, the drilling members 40a-40b may 
then be pivoted inwardly in a conventional manner. 

As illustrated in Fig. 9 the adjustable expansion mandre. 24, the float shoe 28, and the 
driNing members 40a-40b are then disp.aced downwardly out of the tubu.ar member 12 
25 by the actuator 20. During the downward d,sp.acement of the adjustab.e expansion 
Idre, 24, the foat shoe 28, and the drilling members 40a-40b out of the tubu ar 
member 12, the tubu.ar member is maintained ,n a stationary pos.t,on relat,ve to the 
tubular support member 14 by the locking device 16. 

30 As illustrated in Fig. 10, the adjustab.e expansion mandre. 24 is then expanded to the 
.arger dimension In sever, alternative embodiments, the adjustable expansio 
m andre. 24 may be expanded to the larger dimension by, for example, in^ng 
fl uid,c material into the adjustable expansion mandre. and/or by impacting the d H. g 
members 40a-40b on the bottom of the weHbore 30. After expanding the adjustable 
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rF , 13 the locking device 16 then engages the tubular member 12 to 



member. 
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In an exemplary embodiment, the operations of Figs. 12 and 13 are then repeated until 
the entire length of the tubular member 12 is radially expanded and plastically 
deformed by the adjustable expansion mandrel 24. In several alternative 
embodiments, the adjustable expansion mandrel 24 may be collapsed to the smaller 
dimension prior to the further, or complete, radial expansion and plastic deformation of 
the tubular member 12 

Referring to Fig. 14, an alternative embodiment of an apparatus 200 for radially 
expanding and plastically deforming the tubular member 12 is substantially identical in 
design and operation to the apparatus 10 except that the adjustable expansion mandrel 
24 has been replaced by an upper adjustable expansion mandrel 202 that is coupled to 
the tubular support member 22, a tubular support member 204 that is coupled to the 
upper adjustable expansion mandrel, and a lower adjustable expansion mandrel 206 
that is coupled to the tubular support member 204 and the tubular support member 26 

The upper and lower adjustable expansion mandrels, 202 and 206, may be 
conventional adjustable expansion mandrels that may be expanded to larger outside 
dimensions or collapsed to smaller outside dimensions and include external surf a -as 
for engaging the tubular member 12 to thereby radially expand and plastically deform 
the tubular member when the adjustable expansion mandrels are expanded to the 
larger outside dimensions. In an alternative embodiment, the upper and/or lower 
adjustable expansion mandrels, 202 and 206, may include rotary adjustable expansion 
devices such as, for example, the commercially available rotary expansion devices of 
Weatherford International, Inc. In an exemplary embodiment, the tubular support 
member 204 defines a passage, that may, or may not, be valveable, for conveying 
fluidic materials into and/or through the apparatus 200. In several alternative 
embodiments, the cross sectional profiles of the adjustable expansion mandrels, 202 
and 206, for radial expansion operations may, for example, be n-sided shapes, where n 
may vary from 2 to infinity, and the side shapes may include straight line segments, 
arcuate segments, parabolic segments, and/or hyperbolic segments. In several 
alternative embodiments, the cross sectional profiles of the adjustable expansion 
mandrels, 202 and 206, may, for example, be circular, oval, elliptical, and/or 
multifaceted. 
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As illustrated ,n Fig 14, in an exemplary embodiment, the apparatus 200 is initially 
positioned within the preexisting structure 30. 

As illustrated in Fig 15, the lower adjustable expansion mandrel 206 and the float shoe 
28 are then displaced downwardly out of the tubular member 12 by the actuator 20. 
During the downward displacement of the lower adjustable expansion mandrel 206 and 
the float shoe 28 out of the tubular member 12, the tubular member is maintained in a 
stationary position relative to the tubular support member 14 by the locking device 16. 

As illustrated in Fig. 16, the lower adjustable expansion mandrel 206 is then expanded 
to the larger dimension. In several alternative embodiments, the lower adjustable 
expansion mandrel 206 may be expanded to the larger dimension by, for example, 
injecting a fluidic material into the lower adjustable expansion mandrel and/or by 
impacting the float shoe 28 on the bottom of the wellbore 30. After expanding the 
lower adjustable expansion mandrel 206 to the larger dimension, expansion surfaces 
206a are defined on the lower adjustable expansion mandrel that may include, for 
example, conical, sphencal. elliptical, anC.'or hyperbolic surfaces for radially expanding 
and plastically deforming the tubula, -nember 12. In an exemplary embodiment, the 
expansion surfaces 206a also include means for lubricating the interface between the 
expansion surfaces and the tubular member 12 during the radial expansion and plasfc 
deformation of the tubular member. 

As illustrated in Fig. 17, the lower adjustable expansion mandrel 206 is then d.splaced 
upwardly by the actuator 20 to thereby radially expand and plastically deform a portion 
12a of the tubular member 12 In an exemplary embodiment, during the upward 
^placement of the lower adjustable expansion mandrel 206, the tubular member 12 .s 
maintained in a stationary position relative to the tubular support member 14 by the 
locking device 16 In an exemplary embodiment, the tubular member 12 is rad.ally 
expanded and plastically deformed into engagement with the wellbore 30 and/or one or 
more preexisting wellbore casings coupled to the wellbore 30 In an exemplary 
embodiment, the interface between the expansion surfaces 206a of the lower 
adjustable expansion mandrel 206 and the tubular member 1 2 is not fluid tight in order 
to facilrtate the lubrication of the interface between the expansion surface of the lower 
adjustable expansion mandrel and the tubular member. In an exemplary embodiment, 
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the expansion surfaces 206a a,so Mud. nneans for Seating fhe mterfaoe between 
th e expansion surfaces and the «ubu,ar member 12 during fh. red,* expansion and 
plastic deformation of the tubular member 

As illustrated in F» -8, m, upp~ and lower adiustable expansion «M 202 and 
206 and the ft* shoe 28 are .hen dialed downwardly by .he actuator 20 Omwq 
^downward displacement d, .he uppe, and iexxver expansion ma n -a , 

202 and 206. and .ha float shoe 26, .he tubufcr member is main,a,ned ,n a etabonary 
position relative to the tobuiar support member 14 by .he looking devioe 16. 

As iliustratad in Fig. 10. .he upper adiustabte expanse mandrel 202 is then expanded 
* the larger dimen,on and .he lower adjustable expansion mandrel 206 . ooltaps d to 
,he smaller dimension. In an exempt embodiment, the lart^e, 
upper adjusfabfl. expansion mandrel 202 is lesa man the larger dimension o. toe tower 
Zable expansion mandrel » In severe, alternate embedments. , e upper 
ad ustabfe expansion mandrel 202 may be expanded to the large, dimension and .he 
rtdiuslabie exp.ns.on mandre, 206 may * ooliapaed to the sntaller dimension 
To example, W*, flu* maleda, int.- .he upper andfor adiuetab, expansion 
mandre, and/or by impacting .he float shoe 28 on the bottom of .he weflbore 30. Afler 
manarei «»» r r ° _.„,„, ?02 to the larger dmension, 

expanding the upper adjustable expansion mandrel 202 to la g 
expansion surfaces 202a are defined on toe upper adjustable expansion mandrel that 
n^nolude. for exantpte. oonical, ephenca,, e,,ipflcal, 

radLy expanding and plasflcally defomting toe tubular member 12. In an exenipla* 
TmLimen. toe axpanaion aurfaoes 202a also indude maana fo, lubno^g he 
, ^Tt— . toe expansion aurfaoea and toe .ubular member 12 during toe rad,a, 
expansion and plastic deformation of toe tubular member. 

As illustrated in Fig. 20, .he upper adjualable expansion mandre, 202 la then displaced 
! Id, by toe alato, 20 10 thereby radially expand and plasties,,, deform a port, 
, 2b of L w member 12 above the portion 12a of the lubulat membe n an 
m p, . emblem, the ,ns,de diamelet o, toe radia,,, expand* and pfaeflc,* 
Lid portion 12a o, the ,ubu,ar membe, 12 is greate, toan the made diame, r 
really expanded and plastioa,,, deformed portion 12b o, toe ,ubu,ar member I 
an xamp ary embodiment, during toe upward discerned, o, the upper ad,us,able 
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expans.cn mandrel 202. .he tubular member 12 is maintained in a stationary position 
22 to the tubuiar support member ,4 b, me locking device ,6. ,n an exemp ar» 
emblem, the tubuiar member 12 is radial,, expanded and piasooa,,, defied,* 
engagement «, f. -bore 30 and,o< on. o, more preexisting -bo. OTP 
co p ed ,o .be -bore 30 in an exempt embodiment, the interface be^een «. 
"pension surfaces 202a o. .be upper adjusts expansion mandre, 202 and are 
ZZ member ,2 . no. «uid «. in order ,o ( ac„„a,e ,e ,ubr,ca,ion a, 
Wween ,be expansion surface o, the upper ad Ju s.ab,e expaneron mandre, and .be 
tubular member. 

As illus.ra.ed in F,g. 21. the locking dev.ce 16 is .bee disengaged from .be tubular 
"IT" «. *. -ubula, member 12 ,s supported b» ft. upper adius,a«e 
Zl mandre, 202 Tbe »*, support member .4, .he ,ock,ng device 1 . ,s 
ZZpporf member ,8, and me ac.ua.or 20 are then disced upward,, reiabve ,c 
,„e upper ad,us,able expansion mandrel 202 end the tubular member 12. 

As i-ushated in Fig. 22. the tasking device 16 then engages .he lobular member 12 to 
a„ r.ha urblr member in a s,a,ianary positio, reia*. to the tubutar supporf 
'elr 14 and the upper adius,ab,e expansion mandre, 202 is displaced upward,, 

Zl^l^" ,o radia,,, expand and pleeM, da-o-m me porfion ,2b o. 

the tubular member 

,„ ,n exemplary embodiment, the operations a. Rga. 2, and 22 are .hen repeated un,« 
e iJnglngth o, the porf.cn ,2b o, ,be meaiber « M. 
, and p,aa,ica,,y deformed b, ,be upper adjustable expand mandre, 

mm au»e embodiments, the upper adjustable expansion mandrel 202 ma, be 

ZZ .0 — *— ,o ,he or oomp,e,e ' " exp 

and plastic deformation of the tubular member 1 2. 

Referring to Fx, 23. h an exemplary embodiment, the method and apparata ^ one ■« 
"t o. Figs 1 22 are repeated to provide a mono diameter -bore caamg 300 « 
I o eho* 302 that travel a subterranean fcxmabon 304 b, success^ 
J*m and rad,a,„ exparrfing and pfaa„ca,„ da.orn.ing -bore ca,ng 306a- 
£T1„ ,he -bore. ,n ,bia manner, a we,,bo,e casing 300 ,a proved tha. 



defines an Manor passage hav.ng a substantially constant cross sect.onal area 
throughout its length. In several alternate embodiments, the cross section of the 
we.lbore casing 300 may be. for example, square, rectangular, ellipt.cal, oval, circular 
and/or faceted. 

Referring to Figs. 24a-24k, an exemplary embodiment of an apparatus 400 for radially 
expanding and plastically deforming a tubular member includes a tubular support 
member 402 that defines a longitudinal passage 402a that » threadably coupled to and 
received within an end of a tool joint adaptor 404 that defines a long.tudinal passage 
404a and radial passages 404b and 404c 

The other end of the tool joint adaptor 404 receives and is threadably coupled to an 
end of a gripper upper mandrel 406 that defines a longitudinal passage 406a, external 
radial mounting holes, 406b and 406c. an external annular recess 406d, an external 
annular recess 406e, hydraulic port 406f, an .nternal annular recess 406g. hydraul.c 
port 406h. external radial mounting holes, 406i and 406j, and includes a flange 406k. 
and a flange. 4061. Torsional locking pins, 408a and 408b, are coupled to the external 
radial m anting holes, 406b and 406c. respectively, of the gr -.per upper mandrel 406 
and received within the radial passages, 404b and 404c, respectively, of the tool joint 
adaptor 404. 

A spring retainer sleeve 410 that includes a flange 410a receives and is threadably 
coupled to the gripper upper mandre. 406 between an end face of the too. joint adaptor 
404 and the flange 406k of the gripper upper mandrel. A bypass valve body 412 
receives and is movab.y coupled to the gripper upper mandrel 406 that defines radial 
passages, 412a and 412b, and an internal annular recess 412c includes a flange 412d. 

An end of a spring cover 414 receives and is movably coupled to the spring retainer 
sleeve 410 that defines an internal annular recess 414a The other end of the spnng 
cover 414 receives and is threadably coupled to an end of the bypass valve body 412. 
A spring guide 416, a spring 418, and a spring guide 420 are positioned within an 
annular chamber 422 defined between the spring cover 414 and the flange 406k of the 
gripper upper mandrel 406. Furthermore, an end of the spnng guide 416 abuts an end 
face of the spring retainer sleeve 410. 
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Cas,ng gripper locking dogs, 424a and 424b, are received and pivotal.y mounted w,th,n 
the radial passages, 412a and 412b. res P ect.vely, of the bypass valve body 412. An 
end of each of the casing gripper locking dogs, 424a and 424b, engage and are 
5 received within the outer annular recess 406d of the gripper upper mandrel 406. An 
end of a debris trap 426 receives and is threadab.y coupled to an end of the bypass 
valve body 412, and the other end of the debris trap receives and ,s movably coupled 
to the flange 406I of the gripper upper mandrel 406. 

10 An end of a gripper body 428 receives and is threadably coupled to an end of the 
gripper upper mandrel 406 that defines a longitudinal passage 428a, rad.al passages, 
428b and 428c, rad.al slip mounting passages, 428d-428m, and radial passages, 428n 
and 428o, includes a flange 428p. 

Hydraulic slip pistons 432a-432j are movably mounted w,th the radial slip mounting 
passages 428d-428m, respectively, for movement in the radial direction. Reta,ners . 
434a-434j are coupled to the exterior of the flange 428p of the gnpper body 428 for 
Wing the outward radial movement of the hydraulic slip pistons 432a-43 2l . 
reS pective,y. and springs 436a-436j are positioned within the radial slip mountmg 
passages, 428d-428m, respectively, of the gripper body between the hydraulic s p 
pistons. 432a-432j. and the retainers, 434a-434j, respectively. During operation o the 
apparatus 400, prestation of the radial slip mounting passages, 428d-428m. 
displaces the hydraulic slip pistons, 432a-432j. respectively, radially outwardly and 
compresses the springs, 436a-436j. respectively, and during depressurization of the 
radial slip mounting passages, 428d-428m. springs, 436a-436j. respectively, displace 
the hydraulic slip pistons. 432a-432j. inwardly In an exemplary embodiment, 
displacement of the hydraulic slip pistons 432a-432j radially outwardly permits at least 
portions of the hydraulic slip pistons to engage and grip an outer tubular member. 

Torsional locking p,ns. 438a and 438b. are coup.ed to the external radial mounting 
holes 406i and 406j. respectively, of the gripper upper mandrel 406 and rece,ved 
within the radial passages. 428b and 428c, respectively, of the gripper body 428. 
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An end of a gripper body 440 receives and is threadably coupled to an end of the 
gripper body 428 that defines a longitudinal passage 440a, radial passages, 440b and 
440c, radial slip mounting passages, 440d-440m, and radial passages, 440n and 440o, 
includes a flange 440p. 

5 

Hydraulic slip pistons 442a-442j are movably mounted with the radial slip mounting 
passages 440d-440m, respectively, for movement in the radial direction. Retainers 
444a-444j are coupled to the exterior of the flange 440p of the gripper body 440 for 
limiting the outward radial movement of the hydraulic slip pistons 442a-442j, 

10 respectively, and springs 446a-446j are positioned within the radial slip mounting 
passages, 440d-440m, respectively, of the gripper body between the hydraulic slip 
pistons, 442a-442j, and the retainers, 444a-444j, respectively. During operation of the 
apparatus 400, pressurization of the radial slip mounting passages, 440d-440m, 
displaces the hydraulic slip pistons, 442a-442j, respectively, radially outwardly and 

15 compresses the springs, 446a-446j, respectively, and during depressunzation of the 
radial slip mounting passages, 440d-440m, the springs, 446a-446j, respectively, 
displace the hydraulic slip pistons, 442a-442j, radially inward. In an exemplary 
embodiment, displacement of the hydraulic slip pistons 442a-442j radially oUwardly 
permits at least portions of the hydraulic slip pistons to engage and grip an outer 

20 tubular member. 

Torsional locking pins, 448a and 448b, are coupled to the external radial mounting 
holes, 428n and 428o, respectively, of the gripper body 428 and received within the 
radial passages, 440b and 440c, respectively, of the gripper body 440. 

25 

An end of a tool joint adaptor 450 that defines a longitudinal passage 450a, radial 
passages, 450b and 450c, and an inner annular recess 450d, receives and is 
threadably coupled to an end of the gripper body 440. Torsional locking pins, 452a and 
452b, are coupled to the external radial mounting holes, 440n and 440o, respectively, 
30 of the gripper body 428 and received within the radial passages, 450b and 450c, 
respectively, of the tool joint adaptor 450. 

A bypass tube 454 that defines a longitudinal passage 454a is received within the 
longitudinal passages, 406a, 428a, 440a, and 450a, of the gripper upper mandrel 406, 
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the gnpper body 428, the gripper body 440, and the tool joint adaptor 450, respectively, 
is coupled to the recess 406g of the gripper upper mandrel at one end and is coupled 
to the recess 450d of the tool joint adaptor at the other end 

An end of a cross over adaptor 456 that defines a longitudinal passage 456a receives 
and is threadably coupled to an end of the tool joint adaptor 450. The other end of the 
cross over adaptor 456 is received within and is coupled to an end of a tool joint 
adaptor 458 that defines a longitudinal passage 458a and external radial mounting 
holes, 458b and 458c. 

An end of a positive casing locking body 460 that defines a tapered longitudinal 
passage 460a and radial passages, 460b and 460c, receives and is threadably coupled 
to the other end of the tool joint adaptor 458 Torsional locking pins, 462a and 462b, 
are coupled to the external radial mounting holes, 458b and 458c, respectively, of the 
tool joint adaptor 458 and received within the radial passages, 460b and 460c, 
respectively, of the positive casing locking body 460. 

An end of a positive casing lo-cing dog 464 mates with, is received within, and it- 
coupled to the other end of the positive casing locking body 460 that includes internal 
flanges, 464a and 464b, and an external flange 464c. In an exemplary embodiment, 
the external flange 464c of the positive casing locking dog 464 includes an ribbed 
external surface 464d that engages and locks onto a ribbed internal surface 466a of a 
positive casing locking collar 466. 

One end of the positive casing locking collar 466 is threadably coupled to a casing 468 
and the other end of the positive casing locking collar is threadably coupled to a casing 
470 that defines radial mounting holes, 470a and 470b, at a lower end thereof. In this 
manner, the casings, 468 and 470, are also engaged by and locked onto the positive 
casing locking dog 464. 

The other end of the positive casing locking dog 464 mates with, is received within, and 
,s coupled to an end of a positive casing locking body 472 that defines a tapered 
longitudinal passage 472a and radial passages. 472b and 472c. The other end of the 
positive casing locking body 472 receives, mates with, and is coupled to an end of a 
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casing iocx barre, adaptor 474 ,ha, defines external radia, mounbng hofcs, 474a and 
474b and external radal mounting ho,e, 474c and 474d. Torsional ,o*n, 
and 475b are coupled to .he externa, radia, mounting holea, 474a and 474b 
tZ, - - casing to* banal adaptor 474 and received -n . be radial 
passages. 472b and 472c, respectively, of the positive casing lockrng bod, 

A „ end o, a posriive casing locK releasing mandre, 476 the, defines a long^a, 
passage 476a. an externa, annular recess 476b, an externa, anna* recess , . 
xlema, annuiar reoeaa 476d, arx, an externa, annu,a, recessed end pome 47ee * 
(e ce,ved wdhrn and movably coupled to an end o« the too, io,n, adapto 456 T* 
m «e podion o, the po*e caarng loch .leaan, mandrel 476 ,s receivedw ,n^d 
m a,es w,,h the interna, danges. 464a -d 464b, o, the pos*u= ^ *W*» 
464. The other end o, ,be positive caatng lock releasing mandrel 476 . r«e™ed 
„»hin and is movabl, coupled to the end o, the casing ,o* bane, adaptor 474, amdthe 
externa, annular recessed P ort,on476e *to P*e casing ^ reieasing 
thre adab,» ooupled .o and received within an end of a pos«,ve casing M ewer 
m and re , 476 that defrnes a longitudinal parage 476a, externa, rad,a, mounting ho,es. 
478b and 476c, and an external annular eoessed end portion 478d. 

A shear pin ring 460 the, defines radia, passage, 460a and «* »*. , and mates 
tfft the positive easing locK ,ower mandre, 478. Shear „ns, 482a and 82b » 

easing M lower mandre, 478 and are reoe,ved within the red*, passages. 
480a and 480b, respectively, of the shear pin ring 480, 

' An «, of an actuator barre, 484 that defines a longitudinal passage 464a, radial 
lies 464b and 484o, and radiat passages, 484d and 484e. is threaded* CO pled 
a 72 ofate cas,ng ,ocx bane, adaprc 474. Torsiona, losing pins. 48 a and «» 
I coupied ,o the externa, radia, mounting hoie, 474c arid 474d. reaper, o, £ 

0 ZZ L bene, adapto, and are received w,hin ,he radia, passages. 484b and 484o, 
respectively, of the actuator barrel. 

The other end of the actuator barre, 484 is threadably coupled to an end of a barrel 
InecTor 486 that def,nes ah interna, annular recess 486a. externa, radia, mount.ng 



holes, 486b and 486c, radial passages, 486d and 486e, and external radial mounting 
holes, 486f and 486g A sealing cartridge 488 is received within and coupled to the 
internal annular recess 486a of the barrel connector 486 for fluidicly sealing the 
interface between the barrel connector and the sealing cartridge Tors.onal locking 
pins, 490a and 490b, are coupled to and mounted w«thin the external radial mounting 
holes, 486b and 486c, respectively, of the barrel connector 486 and received within the 
radial passages, 484d and 484e, of the actuator barrel 484. 

The other end of the barrel connector 486 is threadably coupled to an end of an 
actuator barrel 492 that defines a longitudinal passage 492a, radial passages, 492b 
and 492c, and radial passages, 492d and 492e. Torsional locking pins, 494a and 
494b, are coupled to and mounted within the external radial mounting holes, 486f and 
486g, respectively, of the barrel connector 486 and received within the radial passages, 
492b and 492c, of the actuator barrel 492. The other end of the actuator barrel 492 is 
threadably coupled to an end of a barrel connector 496 that defines an internal annular 
recess 496a, external radial mounting holes, 496b and 496c. radial passages, 496d 
and 496e, and external radial mounting holes, 496f and 496g. A sealing cartridge 498 
is received within and coupled to the intern < annular recess 496a of the barrel 
connector 496 for fluidicly sealing the interface between the barrel connector and the 
sealing cartridge. Torsional locking pins, 500a and 500b, are coupled to and mounted 
within the external radial mounting holes, 496b and 496c, respectively, of the barrel 
connector 496 and received within the radial passages, 492d and 492e. of the actuator 
barrel 492. 

The end of the barrel connector 496 is threadably coupled to an end of an actuator 
barrel 502 that defines a longitudinal passage 502a, radial passages, 502b and 502c, 
and radial passages. 502d and 502e. Torsional locking pins, 504a and 504b, are 
coupled to and mounted within the external radial mounting holes, 496f and 496g, 
respectively, of the barrel connector 496 and received within the radial passages, 502b 
and 502c, of the actuator barrel 502. The other end of the actuator barrel 502 is 
threadably coupled to an end of a barrel connector 506 that defines an internal annular 
recess 506a, external radial mounting holes, 506b and 506c, radial passages, 506d 
and 506e, and external radial mounting holes, 506f and 506g. Tors.onal locking pins, 
508a and 508b, are coupled to and mounted within the external radial mounting holes, 
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506b and 506c, respectively, of the barrel connector 506 and received within the radial 
passages, 502d and 502e, of the actuator barrel 502 A sealing cartridge 510 is 
received within and coupled to the internal annular recess 506a of the barrel connector 
506 for fluidicly sealing the interface between the barrel connector and the sealing 
5 cartridge. 

The other end of the barrel connector 506 is threadably coupled to an end of an 
actuator barrel 512 that defines a longitudinal passage 512a, radial passages, 512b 
and 512c, and radial passages, 512d and 512e Torsional locking pins, 514a and 

10 514b, are coupled to and mounted within the external radial mounting holes, 506f and 
506g, respectively, of the barrel connector 506 and received within the radial passages, 
512b and 512c, of the actuator barrel 512. The other end of the actuator barrel 512 is 
threadably coupled to an end of a lower stop 516. that defines an internal annular 
recess 516a, external radial mounting holes, 516b and 516c, and an internal annular 

15 recess 51 6d that includes one or more circumferentially spaced apart locking teeth 
51 6e at one end and one or more circumferentially spaced apart locking teeth 51 6f at 
the other end. A sealing cartridge 518 is received within find coupled to the internal 
ar.'iular recess 516a of the barrel connector 516 for 'fluidicly sealing the interface 
between the barrel connector and the sealing cartridge. Torsional locking pins, 520a 

20 and 520b, are coupled to and mounted within the external radial mounting holes, 516b 
and 516c, respectively, of the barrel connector 516 and received within the radial 
passages, 51 2d and 512e, of the actuator barrel 512. 

A connector tube 522 that defines a longitudinal passage 522a is received within and 
25 sealingly and movably engages the interior surface of the sealing cartridge 488 
mounted within the annular recess 486a of the barrel connector 486. In this manner, 
during longitudinal displacement of the connector tube 522 relative to the barrel 
connector 486, a fiuidic seal is maintained between the exterior surface of the 
connector tube and the interior surface of the barrel connector. An end of the 
30 connector tube 522 is received within and is threadably coupled to an end of dart/ball 
guide 524 that defines a tapered passage 524a at the other end. 



The other end of the connector tube 522 is received within and threadably coupled to 
an end of a piston 526 that defines a longitudinal passage 526a and radial passages, 
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526b and 526c, that includes a flange 526d at one end. A sealing cartridge 528 is 
mounted onto and sealingly coupled to the exterior of the piston 526 proximate the 
flange 526d. The sealing cartridge 528 also mates with and sealingly engages the 
interior surface of the actuator barrel 492. In this manner, during longitudinal 
5 displacement of the piston 526 relative to the actuator barrel 492, a fluidic seal is 
maintained between the exterior surface of the piston and the interior surface of the 
actuator barrel. 

The other end of the piston 526 receives and is threadably coupled to an end of a 
10 connector tube 529 that defines a longitudinal passage 528a The connector tube 529 
is received within and sealingly and movably engages the interior surface of the sealing 
cartridge 498 mounted within the annular recess 496a of the barrel connector 496. In 
this manner, during longitudinal displacement of the connector tube 529 relative to the 
barrel connector 496, a fluidic seal is maintained between the exterior surface of the 
1 5 connector tube and the interior surface of the barrel connector 

The other end. of the connector tube 529 is received within and threadably coupled to 
an end of s piston 530 that defines a longitudinal passage 530c- and radial passages, 
530b and 530c, that includes a flange 530d at one end A sealing cartridge 532 is 

20 mounted onto and sealingly coupled to the exterior of the piston 530 proximate the 
flange 530d. The sealing cartridge 532 also mates with and sealingly engages the 
interior surface of the actuator barrel 502. In this manner, during longitudinal 
displacement of the piston 530 relative to the actuator barrel 502, a fluidic seal is 
maintained between the exterior surface of the piston and the interior surface of the 

25 actuator barrel. 

The other end of the piston 530 receives and is threadably coupled to an end of a 
connector tube 534 that defines a longitudinal passage 534a The connector tube 534 
is received within and sealingly and movably engages the interior surface of the sealing 
30 cartridge 510 mounted within the annular recess 506a of the barrel connector 506 In 
this manner, during longitudinal displacement of the connector tube 534 relative to the 
barrel connector 506, a fluidic seal is maintained between the exterior surface of the 
connector tube and the interior surface of the barrel connector. 
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The other en, o, ,he connector ,ube 534 , S received «•* and ,r,-eadab„ coupled* 
Id. o. ft. Pis- 536 prolate the flange 536d The aeafln, 

-r: rr:rr:r::ir rt ane^^an d 

the interior surface of the actuator barrel. 

, «.u cnn is received within and threadably coupled to an end of 

spaced apar, ,or*n 9 ,ee* 5- a, Che, « |* engaging - 
dtcumtetenh* epaced apart locKIng Ml. 51* - the taw atop 5,6. 

. k ehinn 542 ie received within and threadably coupled to the 

connector tube 54. .ha, deflnes a longitudinal peseta 544a . *«. 
thr eada«y coupted ,o the threaded bushing 54a. A 
, ^„ and k threadably coupled to adjacent ends « *° j^, „ end „ 

lube w (w «ic„ sealing the interface «-n . » - - ^ ^ 

w connector tube. Torsiona, ,oo k ,ng 536e. respective,, o, the 

coupted to the externa, radial mounhng holes, 536d «d« . P 
piston 536 that are received within th. radial passages, 540a and 540b, 



25 540. 
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The enactor tube 544 . ^^ZZZZ^ 

— ai displacement ot tha 
ITJ tl t rel 1 1 — connector 5,6, a tluidic aea, is maintained 



connector. 
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. . hf> S44 is received within and is threadably coupled to 

The ^ < » Z?Z£2 »Z 550 . -* - * 

a threaded bush.ng 550. The threaae 

^ ,o a M nu, 552 ,M dennea « P-~ » ^ end e „ gagi ^ 
one or more circumferential^ spaced apart tooting . nn516 

The other * 

- — r: r rr :r:r:- - - - - ^ 

554b and 554c To:s,on al locking P™. 4c oftne ,00, 

^ ,o W externa, radia, moantin, M 554 and 554, ^ » ^ 

-r^—---—-- 



adaptor. 
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adapW 560 M def,nas a rf ap oppe[ 

MUrtrnMr apacad apart lo*,ng Mh 552b « « • ^ 
bus« 564 is aiao nacei^d and ft. ^ ^ 
adap ,„ 560 p-n-e ^j:^^,.- 



torsion plate 562 
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nH N threadably coupled to the cup mandrel 566 
A th,mb.e 568 is mounted on and . hreadab,y P 57Q „ mounted 0 n 

Parnate an end face of the upper bush.ng «L An« * ^ ^ 

- — coup,ed ~^^ - - - ° f the 

and one end of the inner tan*, ce, ^ ^ ^ 
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is receded -,n and ma.es * the end o, .he inner MM. ^ Zb^B 
ri „a 574 is mounted on ,he ,nner thimbie 570 proximate an end face of the thimb e 558, 
3 „ an end of the packer cup backup dn, 574 recedes and mates * the packer cup 
572, A space, 575 ,a mounted on and threadabiy engages the cup mandrel 566 
proximate an end face of the packer cup 572. 

A ,h,mb,e 575 is mounted on and . fhreadabiy ooupied to .he cup man** , 566 

hreadab, coup.ed ,o fhe cup mandre, 566 proximate an end of .he M*. OT£ 
one end o, ate ,nner thimbte ie received -an and males wHh me end of the trtfe 
A Client packer cup 582 is mounted on and seating!, engages the cup mandre, 566 
proximate an end of me inner .himbie 580, and one end o, the packer cup is receded 
Lin and mates „i.h .he end of .he inner .nimble. A packer cup backup nng 584 
m0U n,ed on the inner thimble 580 proximate an end face o, ate thimbte 578, and an 
end of the packer cup backup ring 584 receives and ma.es * .he packer ,« 
An adjus.able spacer 585 . mounted on and threadabl, engages the cup mandrel 566 
proximate an end face of the packer cup 582. 

An end of a cone mandrel 588 that defines a tongkudina, passage 588a. an external 
MM groove 588b. an externa, lock ring groove 588c, an ex.e,nal loc* ring groove 
Z Z externa, k*k ring groove 586e, radial passages, 586, and 588,. and locking 
d „g grooves 588h receives and is threadably coupied to an end o. the cup mandro, 
566 A shear p,n Pushing 59 0 that defines externa, radial mounting hofe 580a and 
Lb a, one end and an annuiar recess 590c at anouter end and .ncWes 
ckcumteren,,* spaced apad lockin, teefb 590d at the «p end ie mounted on and * 
mo vab* coupied ,0 the cone mandre, 588. Torsional shea, ptns. 592 and Mh-. 
Inted -tin and coupled ,o the externa, ,ad*, mounting ho,es, 590a and 90b, 

, may be transmitted between the casing 470 and the shea, p,n bushmg 590. « — 
lock hng 5 9 4 ,s rotained in the externa, took rtng 9 roo.e 585b otthe cone mandre, and 
* "ernal annular recess 590c a, me end o, .he shear p,n bushing 
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Referring to Figs. 24j, 25a, and 25b, an upper cone retainer 596 receives, mates w.th, 
and ,s coupled to the end of the shear pin bushing 590 that includes an internal flange 
596a and an internal upper pivot point flange 596b. An end of an upper cam 598 
includes a tubular base 598a that mates with, rece-ves, and is movably coupled to the 

5 cone mandrel 588. The tubular base 598a of the upper cam 598 further includes an 
external flange 598b that is received within and mates with the upper cone reta,ner 596 
P rox,mate the internal flange 596a of the upper cone retainer and a plurality of 
crcumferentially spaced apart locking teeth 598c that engage the circumferenfially 
spaced apart locking teeth 590d of the end of the shear pin bush.ng 590 In this 

10 manner, the upper cam 598 is reta.ned within the upper cone retainer 596 and torque 
loads may be transmitted between the upper cam and the shear pin bush.ng 590 

Referring to Figs. 25b and 25c, the upper cam 598 further includes a plurality of 
circumferential spaced apart cam arms 598d that extend from the tubular base 598a 

15 in the longitudinal direction that mate with, receive, and are movably coupled to the 
cone mandrel 588. Each cam arm 598d includes an inner surface 598da that is an 
arcuate cylindrical segment, a first outer surface 598db that is an arcuate cylindncal 
segment, a second outer surface 598dc th, • .s an arcuate conical segment, and a third 
outer surface 598dd that is an arcuate cylindrical segment. In an exemplary 

20 embodiment, each of the cam arms 598d are identical. 

Refemng to Figs. 24j, 25a. and 25d, a plurality of circumferentialy spaced apart upper 
cone segments 600 are interleaved among the cam arms 598d of the upper cam 598. 
,n an exemplary embodiment, each upper cone segment 600 includes a first outer 

25 surface 600a that defines a hinge groove 600b, a second outer surface 600c, a th.rd 
outer surface 600d, a fourth outer surface 600e, a first ,nner surface 600f, a second 
inner surface 600g, a third inner surface 600h, and a fourth inner surface 600.. In an 
exemplary embod.ment. the first outer surface 600a. the second outer surface 600c. 
the fourth outer surface 600e, the first inner surface 600f, the second .nner surface 

30 600g and the fourth ,nner surface 600i are arcuate cylindrical segments. In an 
exemplary embodiment, the third outer surface 600d is an arcuate spherical segment 
,n an exemplary embodiment, the th.rd inner surface 600h is an arcuate con.ca. 
segment In an exemplary embodiment, each of the upper cone segments 600 are 
identical. In an exemplary embodiment, the hinge grooves 600b of the upper cone 



I 

segments 600 receive and mate with the pivot point 596b of the upper cone retainer 
596. In this manner, the upper cone segments 600 are pivotally coupled to the upper 
cone retainer 596. 

5 Referring to Figs. 24j, 25a, and 25e, a plurality of circumferentially spaced apart lower 
cone segments 602 overlap with and are interleaved among the upper cone segments 
600. In an exemplary embodiment, each lower cone segment 602 includes a first outer 
surface 602a that defines a hinge groove 602b, a second outer surface 602c, a third 
outer surface 602d, a fourth outer surface 602e, a first inner surface 602f, a second 

10 inner surface 602g, a third inner surface 602h, and a fourth inner surface 602i. In an 
exemplary embodiment, the first outer surface 602a, the second outer surface 602c, 
the fourth outer surface 602e, the first inner surface 602f, the second inner surface 
602g, and the fourth inner surface 602i are arcuate cylindrical segments. In an 
exemplary embodiment, the third outer surface 602d is an arcuate spherical segment. 

15 In an exemplary embodiment, the third inner surface 602h is an arcuate conical 
segment. In an exemplary embodiment, each of the lower cone segments 602 are 
identical. 

Referring to Figs. 24], 25a, 25b, and 25f, a plurality of circumferentially spaced apart 
20 cam arms 604a that extend in the longitudinal direction from a tubular base 604b of a 
lower cam 604 overlap and are interleaved among the circumferentially spaced apart 
cam arms 598d of the upper cam 598 and mate with, receive, and are movably coupled 
to the cone mandrel 588. The tubular base 604b of the lower cam £04 mates with, 
receives, and is movably coupled to the cone mandrel 588 and includes an external 
25 flange 604c and a plurality of circumferentially spaced apart locking teeth 604d. Each 
cam arm 604a includes an inner surface 604aa that is an arcuate cylindrical segment, 
a first outer surface 604ab that is an arcuate cylindrical segment, a second outer 
surface 604ac that is an arcuate conical segment, and a third outer surface 604ad that 
is an arcuate cylindrical segment. In an exemplary embodiment, each of the cam arms 
30 604a are identical. 

An end of a lower cone retainer 606 includes an inner pivot point flange 606a that 
mates with and is received within the hinge grooves 602b of the lower cone segments 
602. In this manner, the lower cone segments 602 are pivotally coupled to the lower 
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cone retainer 606 The lower cone retainer 606 further includes an inner flange 606b 
that mates with and retains the external flange 604c of the lower cam 604 In this 
manner, the lower cam 604 is retained within the lower cone retainer 606. 

5 The other end of the lower cone retainer 606 receives and is threadably coupled to an 
end of a release housing 608 that defines a radial passage 608a at another end and 
includes a plurality of circumferentially spaced apart locking teeth 608b at the end of 
the release housing for engaging the circumferentially spaced apart locking teeth 604d 
of the lower cam 604 In this manner, torque loads may be transmitted between the 

10 release housing 608 and the lower cam 604. An end of a lower mandrel 610 that 
defines a longitudinal passage 610a, an external radial mounting hole 610b, and radial 
passages 610c is received within, mates with, and is movably coupled to the other end 
of the release housing 608. A torsion locking pin 612 is mounted within and coupled to 
the external radial mounting hole 610b of the lower mandrel 610 and received within 

15 the radial passage 608a of the release housing 608. In this manner, longitudinal and 
torque loads may be transmitted between the release housing 608 and the lower 
mandrel 6.10. 

An end of a locking dog retainer sleeve 614 that defines an inner annular recess 614a 
20 at one end and includes a plurality of circumferentially spaced apart locking teeth 614b 
at one end for engaging the locking teeth 604d of the lower cam 604 is received within 
and threadably coupled to an end of the lower mandrel 610. The locking dog retainer 
sleeve 614 is also positioned between and movably coupled to the release housing 608 
and the cone mandrel 588. Locking dogs 616 are received within the inner annular 
25 recess 614a of the locking dog retainer sleeve 614 that releasably engage the locking 
dog grooves 588h provided in the exterior surface of the cone mandrel 588. In this 
manner, the locking dogs 616 releasably limit the longitudinal displacement of the lower 
cone segments 602, lower cam 604, and the lower cone retainer 606 relative to the 
cone mandrel 588. 
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A locking ring retainer 618 is received within and is threadably coupled to an end of the 
lower mandrel 610 that defines an inner annular recess 618a for retaining a resilient 
locking ring 620 within the lock ring groove 588d of the cone mandrel 588 The locking 
ring retainer 618 further mates with and is movably coupled to the cone mandrel 588. 
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An end of an emergency release sleeve 622 that defines radial passages 622a, an 
outer annular recess 622b, and a longitudinal passage 622c is received within and is 
threadably coupled to an end of the lower mandrel 610 The emergency release 
sleeve 622 is also received within, mates with, and shdably and sealingly engages an 
5 end of the cone mandrel 588 

An end of a pressure balance piston 624 is received within, mates with, and slidably 
and sealingly engages the end of the lower mandrel 610 and receives, mates with, and 
is threadably coupled to an end of the cone mandrel 588. The other end of the 
10 pressure balance piston 624 receives, mates with, and slidably and sealingly engages 
the emergency release sleeve 622. 

An end of a bypass valve operating probe 626 that defines a longitudinal passage 626a 
is received within and is threadably coupled to another end of the lower mandrel 610. 
15 An end of an expansion cone mandrel 628 that defines radial passages 628a receives 
and is threadably coupled to the other end of the lower mandrel 610. A sealing sleeve 
expansion cone 630 is slidably coupled to the other end of the expansion cone mandrel 
628 that induces an outer tapered expansion surface 630a. A guid<* 632 is releasably 
coupled to another end of the expansion cone mandrel 628 by a retaining collet 634. 

20 

An end of an expandable sealing sleeve 636 receives and is mounted on the sealing 
sleeve expansion cone 630 and the guide 632. The other end of the expandable 
sealing sleeve 636 receives and is threadably coupled to an end of a bypass valve 
body 638 that defines radial passages, 638a and 638b An elastomeric coating 640 is 
25 coupled to the exterior of at least a portion of the expandable sealing sleeve 636. An 
end of a probe guide 642 that defines an inner annular recess 642a is received within 
and is threadably coupled to an end of the bypass valve body 638 and receives and 
mates with an end of the bypass valve operating probe 626 

30 A bypass valve 644 that defines a longitudinal passage 644a and radial passages, 
644b and 644c, and includes a collet locking member 644d at one end for releasably 
engaging an end of the bypass valve operating probe 626 is received within, mates 
with, and slidably and sealingly engages the bypass valve body 638. An end of a lower 
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mandrel 646 that defines a longitudinal passage 646a receives and is threadably 
coupled to an end of the bypass valve body 638. 

An end of a dart guide sleeve 648 that defines a longitudinal passage 648a is received 
5 within and is coupled to an end of the bypass valve body 638 and the other end of the 
dart guide sleeve 648 is received within and is coupled with the lower mandrel 646. 
An end of a differential piston 650 that includes an inner flange 650a at another end 
receives and is coupled to an end of the lower mandrel 646 by one. or more shear pins 
652 An end of a float valve assembly 654 including a float valve 654a, a valve guard 
10 654b, and a guide nose 654c receives and is threadably coupled to an end of the lower 
mandrel 646. A plurality of circumferentially spaced apart locking dogs 656 are 
pivotally coupled to the inner flange 650a of the differential piston 650 and are further 
supported by an end of the float valve assembly 654. 

15 As illustrated in Figs 24a-24k, in an exemplary embodiment, during operation of the 
apparatus 400, the apparatus is initially positioned within a preexisting structure 700 
such as, for example, a wellbore that traverses a subterranean formation. In several 
alternative embodimens, the wellbore 700 may have any inclination from vertical to 
horizontal. Furthermore, in several alternative embodiments, the wellbore 700 may 

20 also include one or more preexisting wellbore casings, or other well construction 
elements, coupled to the wellbore. During the positioning of the apparatus 400 within 
the wellbore 700, the casings, 468 and 470, are supported by the positive casing 
locking dog 464 and the torsional shear pins, 592a and 592b In this manner, axial and 
torque loads may be transmitted between the casings, 468 and 470, and the tubular 

25 support member 402. 

In an exemplary embodiment, as illustrated in Fig. 25h, prior to the assembly of the 
apparatus 400, the force of the spring 418 applies a sufficient downward longitudinal 
force to position the ends of the casing gripper locking dogs, 424a and 424b, between 
30 the outer annular recesses, 406d and 406e, of the gripper upper mandrel 406 thereby 
placing the bypass valve body 412 in a neutral position. In an exemplary embodiment, 
when the apparatus 400 is assembled by inserting the apparatus into the casing 468, 
the ends of the casing gripper locking dogs, 424a and 424b, impact the upper end of 
the casing 468 and are thereby displaced, along with the bypass valve body 412, 
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upwardly relative to the gripper upper mandrel 406 until the ends of the casing gnpper 
locking dogs pivot radially inwardly into engagement with the outer annular recess 
406d of the gripper upper mandrel. In this manner, the bypass. valve body 412 is 
positioned in an inactive position, as illustrated in Fig. 24a, that fluidicly decouples the 

5 casing gripper hydraulic ports. 406f and 406h. The upward displacement of the bypass 
valve body 412 relative to the gripper upper mandrel 406 further compresses the spring 
418. The bypass valve body 412 is then maintained in the inactive position due to the 
placement of the casing gripper locking dogs, 424a and 424b, within the casing 468 
thereby preventing the ends of the casing gripper locking dogs from pivoting radially 

1 0 outward out of engagement with the outer annular recess 406d. 

Referring to Figs. 26a-26k, when the apparatus 400 is positioned at a desired 
predetermined position within the wellbore 700, a fluidic material 702 is injected into the 
apparatus through the passages 402a, 404a, 406a, 454a, 450a, 456a, 458a, 476a, 

15 478a, 484a, 522a, 529a, 534a, 544a, 554a. 566a, 588a, 622c, 610a, 626a, 644a, and 
646a and out of the apparatus through the float valve 654a In this manner the proper 
operation of the passages 402a,. 404a, 406a, 454a, 450a, 456a, 458a, 476a, 478a, 
484a, 522a, 529a, 534a, 544**, 554a, 566a, 588a, 622c, 610a, 626a, 644a, and 64*.ia 
and the float valve 654a may be tested. A dart 704 is then injected into the apparatus 

20 with the fluidic material 702 through the passages 402a, 404a, 406a, 454a, 450a, 456a, 
458a, 476a, 478a, 484a, 522a, 529a, 534a, 544a, 554a, 566a, 588a, 622c, 610a, 626a, 
and 644a until the dart is positioned and seated in the passage 646a of the lower 
mandrel 646. As a result of the positioning of the dart 704 in the passage 646a of the 
lower mandrel 646, the passage of the lower mandrel is thereby closed. 

25 

The fluidic material 702 is then injected into the apparatus thereby increasing the 
operating pressure within the passages 402a, 404a, 406a, 454a, 450a, 456a, 458a, 
476a, 478a, 484a, 522a, 529a, 534a, 544a, 554a, 566a, 588a, 622c, 610a, 626a, and 
644a Furthermore, the continued injection of the fluidic material 702 into the 
30 apparatus 400 also causes the fluidic material 702 to pass through the radial passages, 
526b and 526c, 530b and 530c, and 536b and 536c, of the piston 526, 530, and 536, 
respectively, into an annular pressure chamber 706 defined between the actuator 
barrel 492 and the connector tube 529, an annular pressure chamber 708 defined 
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between the actuator barrel 502 and the connector tube 534, and an annular pressure 
chamber 710 defined between the actuator barrel 512 and the connector tube 544. 

The pressurization of the annular pressure chambers, 706, 708, and 710 then cause 
5 the pistons 526, 530. and 536 to be displaced upwardly relative to the casing 470. As 
a result the connector tube 529, the connector tube 534, the connector tube 544, the 
threaded bushing 550, the lock nut 552, the tool joint adaptor 554. the sealing sleeve 
558 the tool joint adaptor 560. the torsion plate 562. the upper bushing 564. the cup 
mandrel 566. the thimble 568. the inner thimble 570, the packer cup 572, the backup 
10 ring 574 the spacer 576, the th.mble 578, the inner thimble 580, the packer cup 582. 
the backup ring 584. the spacer 586. and the cone mandrel 588 are displaced upwardly 
relative to the casing 470, the shear pin bushing 590, the locking ring 594, the upper 
cone retainer 596, the upper cam 598, and the upper cone segments 600 

15 As a result, as illustrated in Figs. 26j, 27a, and 27b, the shear pin bushing 590, the 
locking ring 594, the upper cone retainer 596. the upper cam 598. and the upper cone 
segments 600 are displaced downwardly Native to the cone mandrel 588, the lower 
cone segments 602, and the lower ca, 604 thereby driving the upper cone segments 
600 onto and up the cam arms 604a of the lower cam 604, and driving the lower cone 

20 segments 602 onto and up the cam arms 598d of the upper cam 598. Dunng the 
outward radial displacement of the upper and lower cone segments, 600 and 602, the 
upP er and cone segments translate towards one another in the longitudinal d,rect,on 
and also pivot about the pivot points. 596b and 606a, of the upper and lower cone 
retainers, 596 and 606, respectively. 

As a result, a segmented expansion cone is formed that includes a substantially 
continuous outer arcuate spherical surface provided by the axially aligned and 
mterleaved upper and lower expansion cone segments, 600 and 602. Furthermore, the 
resilient locking ring 594 is relocated from the lock ring groove 588b to the lock nng 
groove 588c thereby releasably locking the positions of the shear pin bushing 590, the 
locking ring 594, the upper cone retainer 596, the upper cam 598, and the upper cone 
segments 600 relative to the cone mandrel 588 
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Kefernng ,o Figa 28a ,o 28), the continued injeofion o, ,h, tlu, ,o a^m 

apparatus 400 continues to pteeeurize annular pressure chambers. 708, 708. and 710. 

As a L an upward axial lorca is appiied ,o the shear pin bushtng 890 thai causae 

casing 470 from the shea, pin bushing 590 and permitting the ptstons 526. 530, and 
Z 1 be further dieplaoed upwardly retake 10 the oastng 470 The fudher upw^ 
displacement o, .he pis,™ 528, 530. and 538 in ,um diapiacea the cone man** m 
tl upper cam 598, the upper none aegmenta 600, the Inwer none aegmenta 802, and 
Z Z nam 604 upward,, reiative 1o «he caeing 470 As a reauit. .he segmented 

r:„ «. j~ » - — - - -* an : ™ 

segments. 600 and 602, radiati, expands and ptaetleally delorm, a port™, o» the 
casing 470. 

Retetrtng to Figa. 29a-29m. dunng the ponbnued inieotion ol the Ndfc material 702, 
L expanaio, none provided by the interleaved and ax,t, y aligned upper 
andZe, cone aegmenta. 600 and 602, - conttnue to be diaplaced upwarti, 
TZ casing 470 thereby pending ,o radtally expand and plastic* delotm «ha 
IZ un.« .he lockmg de,a 656 engage and ,uah on una «e, and o, I. 4£ 
l„ 9 ,ha locking dega 656 engage and p,sh on ,he lc*er end . 

guide sleeve 648. the lexer mandtel 646. Ibe bypaea , 

Lng 640. .he bypaaa valve body 638, .he expandabte sea„ng eteeve . h^ 

rel ai„,„g POM 634, Una guide 632, ,ha seating steeve axpanatonoo™ 

expansion cone mandrel 628, the bypaaa value operaeng probe 626. the preasu 

ZZ Pieton 624. vie emergency raiaaae staeve 622. ,he rea, te n« looking nng . 

rocKin P g nng retain. 618, ,ha looking doge 6,6, the iocklng 

the torsion locking pin 612. the lower mandtel 610. the releaae houamg 608. the owe, 

downward* in the longitudinal direedon relative to die cone mandte, 5 8. M a «A 
Z upper cam 598 and the upper cone aegmenta 600 are moved ou. o, a» *nme^ 
„ m he lower cone eegmenle 602 and ft. lower earn 604 thereby M « 
rented expansion pone. Furthermore, the locking ring 620 ,s moved from the lock 
ZlZ Z« .he look ring groove 568. theteby released* 1*9 - new 
position of .he lower cone segments 602 and the lower nam 604. 
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. j- , na when a downward tensile longitudinal force is 
ln particular, as illustrated in F,g. 30 a when J ^ ^ 

l0 diapiaoed downwa^y r**ve to *. cona ™ * " le o M (ocKing dogs 
1S downwardly relative to the cone mandrel 588. 

— rr^-^~- 

fixed relative to the cam mandrel 588 by the locking ring 620. 

30 , , n ns 30a-30c may be reversed, and the segmented expansion cone 

The operations of Figs 30a-3OC may ue ma ndrel 

may a 9 a.n 0e expanded. 0, app,y,n 3 a up»a-d oompresawe M. - 1- ^ 

r==n-^=."-— ----- 



and the lock.ng dog reta.ner 614 to be displaced upwardly relative to the cone mandrel 
588 As a result, the locking dog retainer 614 will engage and displace the locking 
dogs 616, the lower cam 604, the lower cone segments 602, the lower cone retainer 
606 and the release housing 608 upwardly relative to the cone mandrel 588 thereby 
bringing the upper cam 598 and the upper cone segments 600 back into axial 
alignment with the lower cone segments 602 and the lower cam 604 As a result, the 
segmented expansion cone is once again expanded. Once the segmented cone has 
been fully expanded, the locking dogs 616 will once again be positioned in alignment 
with the locking dog grooves 588h of the cone mandrel 588 and will thereby once again 
engage the locking dog grooves. The continued upward displacement of the lower 
mandrel 610 relative to cone mandrel 588 will thereby also upwardly displace the 
locking dog retainer 614 upwardly relative to the cone mandrel thereby once again 
captunng and restraining the locking dogs 616 within the annular recess 614a of the 
locking dog retainer. As a result, the new expansion position of the lower cone 
segments 602 and the lower cam 604 relative to the cone mandrel 588 will be 
releasably locked by the locking dogs 616 Furthermore, the locking ring 620 will also 
be relocated from engagement with the lock ring groove 588e to .engagement with the 
lock rinr. groove 588d to thereby releasably lock the expand*-! segmented cone in the 
expanded position. 

Referring to Figs. 31a-31n, the continued injection of the fluidic matenal 702 into the 
apparatus 400 continues to pressurize the piston chambers 706, 708, and 710 thereby 
further displacing the pistons upwardly 526, 530, and 536 upwardly relative to the 
support member 402. Because the engagement of the locking dogs 656 w,th the lower 
end of the casing 470 prevents float valve 654 from entering the casing, the continued 
upward displacement of the pistons 526. 530, and 536 relative to the support member 
402 causes the bypass valve operating probe 626 to be displaced upwardly relative to 
the support member thereby disengaging the bypass valve operating probe from the 
probe guide 642, and also causes the sealing sleeve expansion cone 630 to be 
displaced upwardly relative to the expandable sealing sleeve 636 thereby rad.a.ly 
expanding and plastically deforming the sealing sleeve 636 and the elastomeric coating 
640 .nto sealing engagement with the interior surface of the lower end of the casing 
470 As a result/the lower end of the casing 470 is fluidicly sealed by the combination 
of the sealing engagement of the sealing sleeve 636 and elastomenc coating 640 with 
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We ,n,er,o, srataoe o, the lower and of .he oasrng and the positioning the dart 704 
within the passage 646a of the lower mandrel 646. 

Conned atieehon o, the flu* matenal 70, tnto ,a apparatus 400 — .0 

7nK 7n o a nd 710 until the pistons 536, 530 ana ooo 
oressurize the piston chambers 706, 708, ana nuunun y 
rZoed upwardly relative ,o lbs oas,ng 470 to <he,r maximum upward pes, on 
ZL* the support member 40, As a res* the dart ball guide « 
«*. casing look mandrel 478 with sufcleh. force » shear Ore shear prns, 426a and 
thereb ^decoupling one posfcve oasing look mandrel 478 from the castng l«* 
Z> adaptor 474. The posidve oasing look mandrel 478 is than displaced upward. 
Live ,o ,he support member 402 wbiob in ,m displaces the 
casing mandrel 476 upward,, relate ,0 the posnive oasing lookrng *^ 
result .he interna, nanges. 464a and 464b. of the posithre casmg looktng dog are 
lated into engageme*. v* -he annu,ar reoesse, 4760 and 
me po*e oasrng lock reusing mandre! 476. The posit*, oasrng look caang co* 
1 .hereby relsed from engagement with the posHive oasing lookrng dogs £ 
Treb, releasing «he casings 468 and 470 from engagement wnh the supgo^ membe 
402. Isa,e S u,«h.pos»on S o,«heca.n,s.466and470,arenolo,- J e,f«edre,a.,ve 

to the support member 402. 

Referring to F*s. 32a-32k. .he ,n,eC»n o, .he flu* materia, 702 is popped and *e 
ItTmember 402 is .en lowered rmo .he wellb^e 700 un, £ va* 
aslbly 664 impacts .he bodom of .he welibore. The support member 402 ,s then 
ZZ owered 1 .he wellbore 700, wnh .he 6oa. valve assembly 664 resbngon the 
ZZ of -he we-bore. one, the bypass vaNe operaUng probe 626 .mparts a 
dls ,aces the bypass valve 644 downwa,,, relative ,o .he ^ -^T^ 
M4 oouple the passages, 636a and 644b, and the passages. 63 8bar« 6^ and 
uml , alien, upward compressrve foroe has been app«ed «o .he 
re-expand ft. segmented expand oone provided b, .he ™TJ*pIs 
602 in an exemplary embodiment, the oolle. looking member 644d of the bypass 
valve 644 will also engage an end ol .he bypass valve operating probe 626. 

,„ an exempt embodiment, the supped member 402 ,s ,o„ered downward ,, ,n,oJhe 
weubore 700 suoh .ha. sulncien, upward oompress^e foroe is applred .0 .he lower 



mandrel 610 to release the locking ring 620 from engagement with the lock ring groove 
588e, thereby permitting the lower mandrel 610 and the locking dog retainer 614 to be 
displaced upwardly relative to the cone mandrel 588. As a result, the locking dog 
retainer 614 will engage and displace the locking dogs 616, the lower cam 604, the 
5 lower cone segments 602, the lower cone retainer 606, and the release housing 608 
upwardly relative to the cone mandrel 588 thereby bringing the upper cam 598 and the 
upper cone segments 600 back into axial alignment with the lower cone segments 602 
and the lower cam 604 As a result, the segmented expansion cone is once again 
expanded. Once the segmented cone has been fully expanded, the locking dogs 616 

10 will once again be positioned in alignment with the locking dog grooves 588h of the 
cone mandrel 588 and will thereby once again engage the locking dog grooves. The 
continued upward displacement of the lower mandrel 610 relative to cone mandrel 588 
will thereby also upwardly displace the locking dog retainer 614 upwardly relative to the 
cone mandrel thereby once again capturing and restraining the locking dogs 616 within 

15 the annular recess 614a of the locking dog retainer. As a result, the new expansion 
position of the lower cone segments 602 and the lower cam 604 relative to the cone 
mandrel 588 will be releasably locked by the locking dogs 616. Furthermore, the 
locking ring 620 will als<* be relocated from engagement with the lock ring groove 588e 
to engagement with the lock ring groove 588d to thereby releasably lock the expanded 

20 segmented cone in the expanded position. 

A hardenable fluidic sealing material 712 may then be injected into the apparatus 400 
through the passages 402a, 404a, 406a, 454a, 450a, 456a, 458a, 476a, 478a, 522a, 
526a, 529a, 530a, 534a, 536a, 544a, 554a, 566a, 588a, 622a, 610a, 626a, 638a, 638b, 

25 644b, and 644c, and out of the apparatus through the circumferential gaps defined 
between the circumferentially spaced apart locking dogs 656 into the annulus between 
the casings 468 and 470 and the wellbore 700. In an exemplary embodiment, the 
hardenable fluidic sealing material 712 is a cement suitable for well construction. The 
hardenable fluidic sealing material 712 may then be allowed to cure before or after the 

30 further radial expansion and plastic deformation of the casings 468 and/or 470 

Referring to Figs. 33a-33p, after completing the injection of the fluidic material 712, the 
support member 402 is then lifted upwardly thereby displacing the bypass valve 
operating probe 626 and the bypass valve 644 upwardly to fluidicly decouple the 
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passages, 638a and 644b and 638b and 644c, until the collet locking member 644d of 
the bypass valve is decoupled from the bypass valve operating probe. The support 
member 402 is then further lifted upwardly until the segmented expansion cone, 
provided by the interleaved and axially aligned cone segments, 600 and 602, impacts 
5 the transition between the expanded and unexpanded sections of the casing 470. A 
fluidic material 714 is then injected into the apparatus 400 through the passages 402a, 
404a, 406a, 454a, 450a, 456a, 458a, 476a, 478a, 484a, 524a, 522a, 526a, 529a, 530a, 
534a, 536a, 544a, 554a, 566a, 588a, 622c, 610a, and 626a thereby pressurizing the 
mtenor portion of the casing 470 below the packer cups, 572 and 582. In particular, the 

10 packer cups, 572 and 582, engage the interior surface of the casings 468 and/or 470 
and thereby provide a dynamic movable fluidic seal. As a result, the pressure 
differential across the packer cups, 572 and 582, causes an upward tensile force that 
pulls the segmented expansion cone provided by the axially aligned and interleaved 
cone segments, 600 and 602, to be pulled upwardly out of the casings 468 and/or 407 

15 by the packer cups thereby radially expanding and plastically deforming the casings. 
Furthermore, the lack of a fluid tight seal between the cone segments, 572 and 582, 
and the casings 468 and/or 470 permits the fluidic material 714 to lubricate the 
interface between the cone segments and the casings during the radial expansion an^ 
plastic deformations of the casings by the cone segments. In an exemplary 

20 embodiment, during the radial expansion and plastic deformation of the wellbore 
casings 468 and/or 470, the support member 402 is lifted upwardly out of the wellbore 
700. In several alternative embodiments, the casings 468 and/or 470 are radially 
expanded and plastically deformed into engagement with at least a portion of the 
mtenor surface of the wellbore 700 

25 

Referring to Figs. 34a-34l, in an exemplary embodiment, a preexisting wellbore casing 
716 is coupled to, or otherwise support by or within, the wellbore 700. In an exemplary 
embodiment, during the radial expansion and plastic deformation of the portion of the 
casing 468 and/or 470 that overlaps with the preexisting casing 716, during the 
30 continued injection of the fluidic material 714, the bypass valve body 412 is shifted 
downwardly relative to the gripper upper mandrel 406 thereby fluidicly coupling the 
casing gripper hydraulic ports, 406f and 406h. As a result, the interior passages, 428a 
and 440a, of the gripper bodies, 428 and 440, are pressurized thereby displacing the 
hydraulic slip pistons, 432a-432j and 442a-442j, radially outward into engagement with 
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the interior surface of the preexisting wellbore casing 716 After the hydraulic slip 
pistons, 432a-432j and 442a-442j, engage the preexisting wellbore casing .716, the 
continued injection of the fluidic material 714 causes the segmented expansion cone 
including the axially aligned and interleaved cone segments, 600 and 602, to be pulled 
through the overlapping portions of the casings 468 and/or 470 and the preexisting 
wellbore casing by the upward displacement of the pistons, 526, 530, and 536, relative 
to the preexisting wellbore casing In this manner, the overlapping portions of the 
casings 468 and/or 470 and the preexisting wellbore casing 716 are simultaneously 
radially expanded and plastically deformed by the upward displacement of the 
segmented expansion cone including the axially aligned and interleaved cone 
segments, 600 and 602. In several alternative embodiments, the hydraulic slip pistons, 
432a-432j and 442a-442j, are displaced radially outward into engagement with the 
interior surface of the casings 468 and/or 470 and/or the preexisting wellbore casing 
716. 

In an exemplary embodiment, the bypass valve body 412 is shifted downwardly relative 
to the gripper upper mandrel 406 by lowe^ng the casing gnpper locking dogs, 424a 
and 424b, using the support member 4(- 1 to a position below the unexpanded portions 
of the casings 468 and/or 470 into the radially expanded and plastically deformed 
portions of the casings. The ends of the casing gripper locking dogs, 424a and 424b, 
may then pivot outwardly out of engagement with the outer annular recess 406d of the 
gripper upper mandrel 406 and then are displaced downwardly relative to the gripper 
upper mandrel, along with the bypass valve body 412, due to the downward 
longitudinal force provided by the compressed spring 418. As a result, the bypass 
valve body 412 is placed in the neutral position illustrated in Fig. 25h. The casing 
gripper locking dogs, 424a and 424b, are then displaced upwardly relative to the casing 
gripper upper mandrel 406 using the support member 402 thereby impacting the casing 
gripper locking dogs with the interior diameter of the unexpanded portion of the casings 
468 and/or 470. As a result, the casing gripper locking dogs, 424a and 424b, are 
displaced downwardly, along with the bypass valve body 412. relative to the casing 
gnpper *ipper mandrel 406 until the ends of the casing gnpper locking dogs pivot 
radially inwardly into engagement with the outer annular recess 406e of the casing 
gripper upper mandrel thereby positioning the bypass valve body in an active position, 
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as illustrated in Fig 34a, in which the casing gripper hydraulic ports, 406f and 406h, 
are fluidicly coupled 

In an alternative embodiment, the bypass valve body 412 is shifted downwardly relative 
5 to the gripper upper mandrel 406 by raising the casing gripper locking dogs, 424a and 
424b, to a position above the casing 468 using the support member 402 thereby 
permitting the ends of the casing gripper locking dogs to pivot radially outward out of 
engagement with the outer annular recess 406d of the gripper upper mandrel 406. The 
ends of the casing gripper locking dogs, 424a and 424b, are then displaced 

10 downwardly relative to the gripper upper mandrel, along with the bypass valve body 
412, due to the downward longitudinal force provided by the compressed spring 418, 
into engagement with the outer annular recess 406e of the casing gripper upper 
mandrel thereby positioning the bypass valve body in an active position, as illustrated 
in Fig. 34a, in which the casing gripper hydraulic ports, 406f and 406h, are fluidicly 

15 coupled. 

In an exemplary embodiment, the process of pulling the segmented expansion cone 
provided by pulling the interleaved and axrally signed cone segments, 600 and 602, 
upwardly through the overlapping portions of the casings 468 and/or 470 and the 

20 preexisting wellbore casing 716 is repeated by repeatedly stroking the pistons, 526, 
530, and 536, upwardly by repeatedly a) injecting the fluidic material 714 to pressurize 
the apparatus 400 thereby displacing the segmented expansion cone upwardly, b) 
depressurizing the apparatus by halting the injection of the fluidic material, and then c) 
lifting the elements of the apparatus upwardly using the support member 402 in order 

25 to properly position the pistons for another upward stroke. 

Referring to Figs. 35a-35l, in an exemplary embodiment, dunng the operation of the 
apparatus 400, the segmented expansion cone provided by the interleaved and axially 
aligned cone segments, 600 and 602, may be collapsed thereby moving the cone 
30 segments out of axial alignment by injecting a ball plug 718 into the apparatus using 
the injected fluidic matenal 714 through the passages 402a, 404a, 406a, 454a, 450a, 
456a, 458a, 476a, 484a, 522a, 529a, 534a, 544a, 554a, 566a, and 588a into sealing 
engagement with the end of the emergency releasing sleeve 622. The continued 
injection of the fluidic material 714 following the sealing engagement of the ball plug 

55 



718 with the end of the emergency releasing sleeve 622 will apply a downward 
longitudinal tensile force to the lower mandrel 610 As a result, as illustrated and 
described above with reference to Fig 30a, when the downward tensile longitudinal 
force is initially applied to the lower mandrel 610 relative to cone mandrel 588, the 
lower mandrel, the locking dog retainer sleeve 614, and the locking ring retainer 618 
are displaced downwardly relative to the cone mandrel 588 when the applied tensile 
force is sufficient to release the locking ring 620 from engagement with the lock ring 
groove 588d As illustrated in Fig 30b, if the applied downward tensile longitudinal 
force is sufficient to release the locking ring 620 from engagement with the lock ring 
groove 588d, the lower mandrel 610, the locking dog retainer sleeve 614, and the 
locking ring retainer 618 are displaced downwardly relative to the cone mandrel 588 
thereby displacing the annular recess 614a of the locking dog retainer sleeve 
downwardly relative to the locking dogs 616. As a result, .the locking dogs 616 are 
released from engagement with the locking dog grooves 588h of the cone mandrel 588 
thereby permitting the lower cone segments 602, the lower cam 604, and the lower 
cone retainer 606 to be displaced downwardly relative to the cone mandrel 588. 

As llustrated in Fig 30c, further downward displacement ->f the lower mandrel 610 then 
causes the torsion locking pin 612 to engage and displace the release housing 608 
20 downwardly relative to the cone mandrel 588 thereby displacing the locking dogs 616, 
the lower cone retainer 606, the lower cam 604, and the lower cam segments 602 
downwardly relative to the cone mandrel. As a result, the lower cone segments 602 
and the lower cam 604 are displaced downwardly out of axial alignment with the upper 
cam 598 and the upper cam segments 600 thereby collapsing the segmented 
25 expansion cone. Furthermore, the downward displacement of the locking dog retainer 
sleeve 614 also displaced the locking ring retainer 618 and the locking ring 620 
downwardly relative to the cone mandrel 588 thereby relocating the locking ring from 
the lock ring groove 588d to the lock nng groove 588e. In this manner, the now 
position of the lower cone segments 602 and the lower cam 604 are thereby releasably 
30 fixed relative to the cam mandrel 588 by the locking ring 620. 

Referring now to Fig. 36a, an exemplary embodiment of the operation of the pressure 
balance piston 624 during an exemplary embodiment of the operation of the apparatus 
400 will now be described In particular, after the dart 704 is positioned and seated in 
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the passage 646a of the lower mandrel 646, the operating pressure within the passage 
622c will increase As a result, the operating pressure within the passages 622a will 
increase thereby increasing the operating pressures within the passages, 588f and 
588g, of the cone mandrel 588, and within an annulus 720 defined between the cone 

5 mandrel 588 and lower mandrel 610 The operating pressure within the annulus 720 
acts upon an end face of the pressure balance piston 624 thereby applying a 
downward longitudinal force to the cone mandrel 588. As a result, the cone mandrel 
588 and the locking dog retainer sleeve 614 could inadvertently be displaced away 
from each other in opposite directions during the pressurization of the interior passages 

10 of the apparatus 400 caused by the placement of the dart 704 in the passage 646a of 
the lower mandrel 646 thereby potentially collapsing the segmented expansion cone 
including the interleaved and axially aligned cone segments, 600 and 602. Thus, the 
pressure balance piston 624, in an exemplary embodiment, neutralizes the potential 
effects of the pressurization of the interior passages of the apparatus 400 caused by 

1 5 the placement of the dart 704 in the passage 646a of the lower mandrel 646. 

Referring now to Fig. 36b, an exemplary embodiment of the operation of the pressure 
balance p«ston 624 during another exemplary embodiment c* the operation of the 
apparatus 400 will now be described In particular, dunng the placement of the ball 

20 718 within the passage 622c of the releasing sleeve 622, the interior passages of the 
apparatus 400 upstream from the ball are pressurized. However, since the ball 718 
blocks the passage 622c, the passage 622a is not pressurized As a result, the 
pressure balance piston 624 does not apply a downward longitudinal force to the cone 
mandrel 588. As a result, the pressure balance piston 624 does not interfere with the 

25 collapse of the segmented expansion cone including the interleaved and axially aligned 
cone segments, 600 and 602, caused by the placement of the ball 718 within the 
mouth of the passage 622c of the release sleeve 622 

An apparatus for radially expanding and plastically deforming an expandable tubular 
30 member has been described that includes a float shoe adapted to mate with an end of 
the expandable tubular member, an adjustable expansion mandrel coupled to the float 
shoe adapted to be controllably expanded to a larger outside dimension for radial 
expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustable expansion mandrel adapted to 
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controllably displace the adjustable expansion mandrel relative to the expandable 
tubular member, a locking device coupled to the actuator adapted to controllably 
engage the expandable tubular member, and a support member coupled to the locking 
device. 

A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole has been described that includes positioning an adjustable 
expansion mandrel within the expandable tubular member, supporting the expandable 
tubular member and the adjustable expansion mandrel within the borehole, lowering 
the adjustable expansion mandrel out of the expandable tubular member, increasing 
the outside dimension of the adjustable expansion mandrel, and displacing the 
adjustable expansion mandrel upwardly relative to the expandable tubular member n 
times to radially expand and plastically deform n portions of the expandable tubular 
member. 

A method for forming a mono diameter wellbore casing has been described that 
includes positioning an adjustable expansion mandrel within a first expandable tubular 
member, supporting the first expandable tubular member and the adjustable expansion 
mandrel within a borehole, lowering the adjustable expansion mandrel out of the first 
expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the first expandable tubular member m times to radially expand and plastically deform 
m portions of the first expandable tubular member within the borehole, positioning the 
adjustable expansion mandrel within a second expandable tubular member, supporting 
the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overlapping relation to the first expandable tubular member, lowering 
the adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel, and displacing 
the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the borehole. 



An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of 
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the expandable tubular member, an adjustable expansion mandrel coupled to the float 
shoe adapted to be controllably expanded to a larger outside dimension for radial 
expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustable expansion mandrel adapted to 

5 controllably displace the adjustable expansion mandrel relative to the expandable 
tubular member, a locking device coupled to the actuator adapted to controllably 
engage the expandable tubular member, a support member coupled to the locking 
device, and a sealing member for sealingly engaging the expandable tubular member 
adapted to define a pressure chamber above the adjustable expansion mandrel during 

10 radial expansion of the expandable tubular member. 

A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole has been descnbed that includes positioning an adjustable 
expansion mandrel within the expandable tubular member, supporting the expandable 

15 tubular member and the adjustable expansion mandrel within the borehole, lowering 
the adjustable expansion mandrel out of the expandable tubular member, increasing 
the outside dimension of the adjustable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the expandable tubular member n tii-es to 
radially expand and plastically deform n portions of the expandable tubular member 

20 within the borehole, and pressurizing an interior region of the expandable tubular 
member above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the expandable tubular member within the borehole 

A method for forming a mono diameter wellbore casing has been described that 
25 includes positioning an adjustable expansion mandrel within a first expandable tubular 
member, supporting the first expandable tubular member and the adjustable expansion 
mandrel within \ borehole, lowering the adjustable expansion mandrel out of the first 
expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
30 the first expandable tubular member m times to radially expand and plastically deform 
m portions of the first expandable tubular member within the borehole, pressurizing an 
intenor region of the first expandable tubular member above the adjustable expansion 
mandrel during the radial expansion and plastic deformation of the first expandable 
tubular member within the borehole, positioning the adjustable expansion mandrel 
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to the expandable tubular member n times to radially expand and plastically deform n 
portions of the expandable tubular member within the drilled borehole 

A method for forming a mono diameter wellbore casing within a borehole has been 
described that includes positioning an adjustable expansion mandrel within a first 
expandable tubular member, coupling a drilling member to an end of the first 
expandable tubular member, drilling a first section of the borehole using the drilling 
member, supporting the first expandable tubular member and the adjustable expansion 
mandrel within the drilled first section of the borehole, lowering the adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion 
mandrel upwardly relative to the first expandable tubular member m times to radially 
expand and plastically deform m portions of the first expandable tubular member within 
the drilled first section of the borehole, positioning the adjustable expansion mandrel 
within a second expandable tubular member, coupling the drilling member to an end of 
the second expandable tubular member, dnlling a second section of the borehole using 
the drilling member, supporting the second expandable tubular member and the 
adjustable expansion mandrel within the • orehole in overlapping relation to the first 
expandable tubular member within the second drilled section of the borehole, lowering 
the adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel, and displacing 
the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the dnlled second section of the borehole. 

An apparatus for drilling a borehole wrthm a subterranean format.on and then radially 
expanding and plastically deforming an expandable tubular member within the drilled 
borehole has been described that includes a float shoe adapted to mate with an end of 
the expandable tubular member, a drilling member coupled to the float shoe adapted to 
drill the borehole, an adjustable expans.on mandrel coupled to the float shoe adapted 
to be controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension, an actuator 
coupled to the adjustable expansion mandrel adapted to controllably displace the 
adjustable expansion mandrel relative to the expandable tubular member, a locking 
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saving engaging .he expandable tubuia, member adapted to da.,na a press- 
chamber above .he ad iU s,ab,a expansion mandrel during t. -ad,a, expanston a, ,ba 
5 expandable tubular member. 

A ma.bod for drilling a borehole « "erxanean fomrabon 

expanding and p,a S .,ca«y daforming an expandabte tubular member wdhm the dnlled 
lie has baan daacdbad .a, Wudes posing an ^ — 
,0 mandrel w«h* the expandable tubular m»bar. cabling a drilling member ,o an and o 
the expandabte tubular membar. dnlimg ma borahcta using the dnlttng member, 
tne expanua „„ rt «i and the expandable tubular member 

positioning tha adjustable expansion mandrel and the expand 

the dblled towenng tbe adjure expansion ma d* oc ^Mh. 

expandable tubular member, increasing the outaide dimension of the ed,ustaWe 

« — * ~ - " mandrei up,rard : r ni : 

he expandable tubular member n times <o ra«y expand and plasboally defonm n 
p„Z ofthe expandable tubular member — the dn»ed borehoia, and pressuring 
. „ intedor por*m o, me expandable ,ubu,r me, above » «*~£ZZ 
mandrel dudng the radial expansion and plaatio deformabon of .he expandable tubutar 
20 member within the drilled borehole 

A method for forming a mono diameter welibora caaing -<n a borah* has been 
descdbed ma, includes positioning an adjustable expansion mandra, w, m a M 
expandab* fubular member, causing a drilling menrber to an end * I m t M 

25 e^andab* tubutar member, ddllmg a « ,eo,ion of the borehole using .ha d* 
member, supporting .he fast expandable tubular membar and .he adjust* axpa.,0 
m ,„drel wKhin .he dolled firs, section of .he borehole, lowenng * 
expanaton mandrel ou. of the fas. expandable .ubutar member, increasing .ha ouB.de 
dils,n o, .he ad,us.ab,e expansion mandra,. display m e adjure expanse 

30 mandrrH upvardly relative to the «rs. expandable tubular member m times to red, ly 
and plasLiy deform m pod.ns ofme *rs< expandable ,ubu,r member «^m 
the drilled M section of the HM P—dog an intenor podion of he 
expandable tubular member above the adjustable expansion mandrel dunng ,he ra*>l 
expanse and plas* deformation of .he fas. expandable tubular member „„hin .ha 



first drilled section of the borehole, positioning the adjustable expansion mandrel within 
a second expandable tubular member, coupling the drilling member to an end of the 
second expandable tubular member, drilling a second section of the borehole using the 
drilling member, supporting the second expandable tubular member and the adjustable 

5 expansion mandrel within the borehole in overlapping relation to the first expandable 
tubular member within the second drilled section of the borehole, lowering the 
adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the second expandable tubular 

10 member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the drilled second section of the borehole, and 
pressuring an interior portion of the second expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic deformation of 
the second expandable tubular member within the drilled second section of the 

15 borehole. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
mer.'oer has been described that includes a float shoe ad apted to mate with an end of 
the expandable tubular member, a first adjustable expansion mandrel coupled to the 

20 float shoe adapted to be controllably expanded to a first larger outside dimension for 
radial expansion of the expandable tubular member or collapsed to a first smaller 
outside dimension, a second adjustable expansion mandrel coupled to the first 
adjustable expansion mandrel adapted to be controllably expanded to a second larger 
outside dimension for radial expansion of the expandable tubular member or collapsed 

25 to a second smaller outside dimension, an actuator coupled to the first and second 
adjustable expansion mandrels adapted to controllably displace the first and second 
adjustable expansion mandrels relative to the expandable tubular member, a locking 
device coupled to the actuator adapted to controllably engage the expandable tubular 
member, and a support member coupled to the locking device The first larger outside 

30 dimension of the first adjustable expansion mandrel is larger than the second larger 
outside dimension of the second adjustable expansion mandrel. 

A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole has been described that includes positioning first and 
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second adjustable expansion mandrels within the expandable tubular member, 
supporting the expandable tubular member and the first and second adjustable 
expansion mandrels within the borehole, lowering the first adjustable expansion 
mandrel out of the expandable tubular member, increasing the outside dimension of 

5 the first adjustable expansion mandrel, displacing the first adjustable expansion 
mandrel upwardly relative to the expandable tubular member to radially expand and 
plastically deform a lower portion of the expandable tubular member, displacing the first 
adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the expandable tubular member, decreasing the outside 

10 dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, and displacing the second 
adjustable expansion mandrel upwardly relative to the expandable tubular member to 
radially expand and plastically deform portions of the expandable tubular member 
above the lower portion of the expandable tubular member The outside dimension of 

15 the first adjustable expansion mandrel is greater than the outside dimension of the 
second adjustable expansion mandrel. 

A method or forming a mono diameter wellbore casing has *een described that 
includes positioning first and second adjustable expansion mandrels within a first 

20 expandable tubular member, supporting the first expandable tubular member and the 
first and second adjustable expansion mandrels within a borehole, lowering the first 
adjustable expansion mandrel out of the first expandable tubular member, increasing 
the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the first expandable tubular member 

25 to radially expand and plastically deform a lower portion of the first expandable tubular 
member, displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the first expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel, 

30 displacing the second adjustable expansion mandrel upwardly relative to the first 
expandable tubular member to radially expand and plastically deform portions of the 
first expandable tubular member above the lower portion of the expandable tubular 
member, positioning first and second adjustable expansion mandrels within a second 
expandable tubular member, supporting the first expandable tubular member and the 
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first and second adjustable expansion mandrels within the borehole in overlapping 
relation to the first expandable tubular member, lowering the first adjustable expansion 
mandrel out of the second expandable tubular member, increasing the outside 
dimension of the first adjustable expansion mandrel, displacing the first adjustable 

5 expansion mandrel upwardly relative to the second expandable tubular member to 
radially expand and plastically deform a lower portion of the second expandable tubular 
member, displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the second expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and 

10 increasing the outside dimension of the second adjustable expansion mandrel, and 
displacing the second adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically deform portions of the 
second expandable tubular member above the lower portion of the second expandable 
tubular member. The outside dimension of the first adjustable expansion mandrel is 

1 5 greater than the outside dimension of the second adjustable expansion mandrel 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate w th an end of 
the expandable tubular member, a first adjustable expansion mandrel coupled to the 

20 float shoe adapted to be controllably expanded to a first larger outside dimension for 
radial expansion of the expandable tubular member or collapsed to a first smaller 
outside dimension, a second adjustable expansion mandrel coupled to the first 
adjustable expansion mandrel adapted to be controllably expanded to a second larger 
outside dimension for radial expansion of the expandable tubular member or collapsed 

25 to a second smaller outside dimension, an actuator coupled to the first and second 
adjustable expansion mandrels adapted to controllably displace the first and second 
adjustable expansion mandrels relative to the expandable tubular member, a locking 
device coupled to the actuator adapted to controllably engage the expandable tubular 
member, a support member coupled to the locking device, and a sealing member for 

30 sealingly engaging the expandable tubular adapted to define a pressure chamber 
above the first and second adjustable expansion mandrels during the radial expansion 
of the expandable tubular member The first larger outside dimension of the first 
adjustable expansion mandrel is larger than the second larger outside dimension of the 
second adjustable expansion mandrel. 
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member, pressurizing an interior region of the first expandable tubular member above 
the first adjustable expansion mandrel during the radial expansion of the lower portion 
of the first expandable tubular member by the first adjustable expansion mandrel, 
displacing the first adjustable expansion mandrel and the second adjustable expansion 
mandrel downwardly relative to the first expandable tubular member, decreasing the 
outside dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the first expandable tubular member 
to radially expand and plastically deform portions of the first expandable tubular 
member above the lower portion of the expandable tubular member, pressurizing an 
intenor region of the first expandable tubular member above the second adjustable 
expansion mandrel during the radial expansion of the portions of the first expandable 
tubular member above the lower portion of the first expandable tubular member by the 
second adjustable expansion - mandrel, positioning first and second adjustable 
15 expansion mandrels within a second expandable tubular member, supporting the first 
expandable tubular member and the first and second adjustable expansion mandrels 
within the borehole in overlapping relation to the first expandable tubular member, 
lowering the first adjustable expansion mandrel out of the second expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, 
20 displacing the first adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically deform a lower portion of 
the second expandable tubular member, pressurizing an interior region of the second 
expandable tubular member above the first adjustable expansion mandrel during the 
radial expansion of the lower portion of the second expandable tubular member by the 
25 first adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
and the second adjustable expansion mandrel downwardly relative to the second 
expandable tubular member, decreasing the outside dimension of the first adjustable 
expansion mandrel v and increasing the outside dimension of the second adjustable 
expansion mandrel, displacing the second adjustable expansion mandrel upwardly 
relative to the second expandable tubular member to radially expand and plastically 
deform portions of the second expandable tubular member above the lower portion of 
the second expandable tubular member, and pressurizing an interior region of the 
second expandable tubular member above the second adjustable expansion mandrel 
during the radial expansion of the portions of the second expandable tubular member 
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member. In an exemplary embodiment, the method 

d fom another portion o, m* expand ,u W ,ar * «- »^ 
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overlaps with the preexisting-structure, 
portion of the preexistmg wel.bore casing that overlaps with an end 



portion of the expandable tubular member. In an exemplary embodiment, the method 
further includes reducing the size of the adjustable expansion mandrel after the'portion 
of the expandable tubular member has been radially expanded and plastically 
deformed In an exemplary embodiment, the method further includes fluidicly sealing 

5 the radially expanded and plastically deformed end of the expandable tubular member 
after reducing the size of the adjustable expansion mandrel. In an exemplary 
embodiment, the method further includes permitting the position of the expandable 
tubular member to float relative to the position of the hydraulic actuator after fluidicly 
sealing the radially expanded and plastically deformed end of the expandable tubular 

10 member. In an exemplary embodiment, the metnod further includes injecting a 
hardenable fluidic sealing material into an annuls -between the expandable tubular 
member and the borehole after permitting the position of the expandable tubular 
member to float relative to the position of the hydraulic actuator. In an exemplary 
embodiment, the method further includes increasing the size of the adjustable 

15 expansion mandrel after permitting the position of the expandable tubular member to 
float relative to the position of the hydraulic actuator. In an exemplary embodiment, the 
method further includes displacing the adjustable expansion cons upwardly relative to 
the expandable tubular member to radially expand and plasti- -illy deform the remaining 
portion of the expandable tubular member. In ar\ exemplary embodiment, the method 

20 further includes not permitting the position of the expandable tubular member to float 
relative to the position of the hydraulic actuator, and displacing the adjustable 
expansion cone upwardly relative to the expandable tubular member using the 
hydraulic actuator to radially expand and plastically deform the end of the remaining 
portion of the expandable tubular member that overlaps with the preexisting wellbore 

25 casing after not permitting the position of the expandable tubular member to float 
relative to the position of the hydraulic actuator. 

It is understood that variations may be made in the foregoing without departing from 
the scope of the invention. For example, the teachings of the present illustrative 
30 embodiments may be used to provide a wellbore casing, a pipeline, or a structural 
support. Furthermore, the elements and teachings of the various illustrative 
embodiments may be combined in whole or in part in some or all of the illustrative 
embodiments. In addition, the expansion surfaces of the upper and lower cone 
segments, 600 and 602, may include any form of inclined surface or combination of 
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inclined surfaces such as, for example, conical, spherical, elliptical, and/or parabolic 
that may or may not be faceted Finally, one or more of the steps of the methods of 
operation of the exemplary embodiments may be omitted and/or performed in another 
order. 

5 

Although illustrative embodiments of the invention have been shown and described, a 
wide range of modification, changes and substitution is contemplated in the foregoing 
disclosure In some instances, some features of the present invention may be 
employed without a corresponding use of the other features. Accordingly, it is 
10 appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 
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Claims 

What is claimed is. 

5 1 An apparatus for rad.ally expanding and P .ast,ca.ly deform.ng an ex P andab.e 
tubular member, comprising* 
a support member; 

a gapping dev,e* for gripping the tubular member coupled to the supped 

,0 "tLung devioe for sealing an interface with the <ubu.r member poupled to the 

SUPP °a rt ::r;Loe ,or *. — » o« the member relate to the 
support member, 

a first adjustable expansion dev,ce for rad.ally expanding and plast.ca.ly 
deforming the tubular member coupled to the support member, 

a second adjustable expans.cn dev,ce for radia.ly expand,ng and plast.ca.ly 
deforming the tubular member coupled to the support member, 
a packer coupled to the suppo;- member; and 

an actuator for disp.ac.ng one or more of the sealing assembly, first and second 
20 adjustable expansion dev,ces, and packer relative to the support member 

2 The apparatus of cla.m 1 , wherein the lock.ng dev.ce compnses. 

' a pressure sensor for controliably unlocking the iock,g device from engagement 
Wlth the tubu,ar member when the operat.ng pressure w,th,n the apparatus exceeds 
25 predetermined amount 

3 The apparatus of cla.m 1 , wherem the locking dev,ce compnses: 

a pos,t,on sensor for controliably un,ock,ng the locking dev.ce from engagement w,th 
the tubular member when the position of a port.cn of the apparatus exceeds a 
30 predetermined amount 

4 The apparatus of cla.m 1 , wherem the gr.pp.ng dev.ce compnses a plurality of 
movable gripping elements 
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5 The apparatus of claim 4, wherein the gripping elements are moveable in a radial 
direction relative to the support member 

6. The apparatus of claim 1, wherein the sealing device seals an annulus defines 
between the support member and the tubular member 

7 The apparatus of claim 1 , wherein the actuator comprises means for transferring 
torsional loads between the support member and the expansion device 

8. The apparatus of claim 1 , wherein the actuator comprises a plurality of pistons 
positioned within corresponding piston chambers. 

9 The apparatus of claim 1, wherein at least one of the adjustable expansion 
devices comprise: 

a support member; and 

a plurality of movable expansion elements coupled to the support member 

10 The apparatus of claim 9, further comprising. 

an actuator coupled to the support member for moving the expansion elements 
between a first position and a second position, 

wherein in the first position, the expansion elements do not engage the tubular 
member; and 

wnerein in tne second position, the expansion elements engage the tubular 
member. 

1 1 The apparatus of claim 10, wherein the expansion elements comprise, 
a first set of expansion elements, and 

a second set of expansion elements; 

wherein the first set of expansion elements are interleaved with the second set of 
expansion elements 

1 2. The apparatus of claim 1 1 , wherein in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 
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1 3 The apparatus of claim 1 1 , wherein in the second position, the first set of 
expansion elements are axially aligned with the second set of expansion elements 

14. The apparatus of claim 1, wherein at least one of the adjustable expansion 
devices comprise a plurality of expansion devices 

1 5. The apparatus of claim 14, wherein at least one of the adjustable expansion 
devices comprise 

a support member, and 

a plurality of movable expansion elements coupled to the support member 

16 The apparatus of claim 1 5, further comprising 

an actuator coupled to the support member for moving the expansion elements 
between a first position and a second position; 

wherein in the first position, the expansion elements do not engage the tubular 
member; and 

wherein in the second position, the expansion elements engage the tubular 
-member 

17. The apparatus of claim 16, wherein the expansion elements comprise- 
a first set of expansion elements, and 

a second set of expansion elements, 

wherein the first set of expansion elements are interleaved with the second set of 
expansion elements 

18. The apparatus of claim 17, wherein in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

19. The apparatus of claim 17, wherein in the second position, the first set of 
expansion elements are axially aligned with the second set of expansion elements. 
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1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising 

a float shoe adapted to mate with an end of the expandable tubular member; 

an adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension, 

an actuator coupled to the adjustable expansion mandrel adapted to controllably 
displace the adjustable expansion mandrel relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controllably engage the 
expandable tubular member; and 

a support member coupled to the locking device. 

2. A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising 

positioning an adjustable expansion mandrel within the expandable tubular 
member; 

s-jpporting the expandable tubular member and t>3 adjustable expansion 
mandrel within the borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the expandable 

tubular member n times to radially expand and plastically deform n portions of the 

expandable tubular member 

3. A method for forming a mono diameter wellbore casing, compnsmg: 
positioning an adjustable expansion mandrel within a first expandable tubular 

member; 

supporting the first expandable tubular member and the adjustable expansion 
mandrel within a borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel, 
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displacing the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially expand and plasbcally deform m 
portions of the first expandable tubular member within the borehole, 

positioning the adjustable expansion mandrel within a second expandable tubular 

member; 

supporting the second expandable tubular member and the adjustable expans.on 
mandrel within the borehole in overlapping relation to the first expandable tubular 
member; 

lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outs.de dimension of the adjustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the second 
expandable tubular member n times to radially expand and plastically deform n 
portions of the second expandable tubular member within the borehole. 

4 An apparatus for radially expanding and plastically deforming an expandable 

tubular member, comprising 

a float sh*e adapted to mate with an end of the expandable tubdar member, 

an adjustable expansion mandrel coupled to the float shoe adapted to be 
controliably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension, 

an actuator coupled to the adjustable expansion mandrel adapted to controliably 
displace the adjustabie expansion mandrel relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controliably engage the 
expandable tubular member; 

a support member coupled to the locking device; and 

a sealing member for. sealingly engaging the expandable tubular member 
adapted to define a pressure chamber above the adjustable expansion mandrel during 
radial expansion of the expandable tubular member 

5. A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

pos.tion.ng an adjustable expansion mandrel wrth.n the expandable tubular 

member; 
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supporting the expandable tubular member and the adjustable expansion 
mandrel within the borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular 

member, 

5 increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the borehole, and 

pressurizing an interior region of the expandable tubular member above the 
10 adjustable expansion mandrel during the radial expansion and plastic deformation of 
the expandable tubular member within the borehole 

6 A method for forming a mono diameter wellbore casing, comprising 

positioning an adjustable expansion mandrel within a first expandable tubular 
15 member; 

supporting the first expandable tubular member and the adjustable expansion 
mandrel within a borehole; . 

lowering the adjustable expansion mandrel out of the first expandable tubular 

member, 

20 increasing the outside dimension of the adjustable expansion mandrel, 

displacing the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubular member within the borehole, 

pressurizing an interior region of the first expandable tubular member above the 
25 adjustable expansion mandrel during the radial expansion and plastic deformation of 
the first expandable tubular member within the borehole, 

positioning the adjustable expansion mandrel within a second expandable tubular 
member; 

supporting the second expandable tubular member and the adjustable expansion 
30 mandrel within the borehole in overlapping relation to the first expandable tubular 
member; 

lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel, 
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d ,spfcc,n 9 .he actustawe expanse mandrel upwardly relative .0 the second 
ex Jin* men*er n „mes ,0 rad,* expand and « deform „ 
poLs of the second expandable tubular member «<h,n .he bcehole, and 

eluaing an rnfencc regron o, .be second expandab, tubular member a*ve 
. the ZZ. ex 9 pans,on mandrel dunng Ihe ,ad,a, expanse and plaaho detonnalron 
of the second expandable tubular member within the borehole 

7 An apparatus for dnllmg a borehole within a subterranean formation and .hen 
a-d plaahcally deform an expandable tubular member — «he 

10 drilled borehole, comprising- ^ K<ar - 
a ,oa, shoe adapted fd ma,e ».h an and 0, the expendable tubular m mber, 

a dnllmg member coupled ,a the float shoe adapted ,0 drill „ 
,„ adiastable expanse mandra, coupled ,0 are „oa. s oa ada p ad be 
contra,.*, expanded ,0 a larger outslda dlmensron to, rad,a, expanse 

expandable tubular member; and 
20 a support member coupled to the locking dev.ce 

8 A method for dn..,ng a borehole within a subterranean formats and then radially 
Lpand-ng and plasty deforming an expandable tubular member w,th,n the dr,led 

25 b0 ~r:n 9 stable expansion mandrel wthin the expandable tubu.ar 



member; 



' couplmg a dn,»ng member ,0 an end a. the expandable tubular member; 

30 -"I:::: ^raanaron mandre, ou, of fhe expandable tubular 
""tL-hg «he autaide drmensron af One adjustable expansion mandrel; and 
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displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the drilled borehole 

5 9 A method for forming a mono diameter weilbore casing within a borehole, 
comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular 
member; 

coupling a drilling member to an end of the first expandable tubular member, 
10 drilling a first section of the borehole using the drilling member; 

supporting the first expandable tubular member and the adjustable expansion 
mandrel within the drilled first section of the borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular 
member; 

15 increasing the outside dimension of the adjustable expansion mandrel, 

displacing the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubula? -member within the drilled first section of the 
borehole; 

20 positioning the adjustable expansion mandrel within a second expandable tubular 

member, 

coupling the drilling member to an end of the second expandable tubular 
member; 

drilling a second section of the borehole using the drilling member, 
25 supporting the second expandable tubular member and the adjustable expansion 

mandrel within the borehole in overlapping relation to the first expandable tubular 
member within the second drilled section of the borehole, 

lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

30 increasing the outside dimension of the adjustable expansion mandrel, and 

displacing the adjustable expansion mandrel upwardly relative to the second 
expandable tubular member n times to radially expand and plastically deform n 
portions of the second expandable tubular member within the drilled second section of 
the borehole. 
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10 An apparatus for drilling a borehole within a subterranean formation and then 
radially expanding and plastically deforming an expandable tubular member within the 
drilled borehole, comprising* 
5 a float shoe adapted to mate with an end of the expandable tubular member, 

a drilling member coupled to the float shoe adapted to drill the borehole, 
an adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension; 
10 an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controllably engage the 
expandable tubular member; 

a support member coupled to the locking device; and 
15 a sealing member for sealing engaging the expandable tubular member adapted 

to define a pressure chamber above the adjustable expansion mandrel during the 
radial expansion of the expandable tubular member. 

11. A method for drilling a borehole within a subterranean formation and then radially 
20 expanding and plastically deforming an expandable tubular member within the drilled 
borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular 

member; 

coupling a drilling member to an end of the expandable tubular member; 
. 25 drilling the borehole using the drilling member, 

positioning the adjustable expansion mandrel and the expandable tubular 
member within the drilled borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular 
member, 

30 increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the drilled borehole, and 
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pressunng an .ntenor portion of the expandable tubular member above the 
adjustable expanse mandrel dunng the radial expans.cn and plast,c deformafion of 
the expandable tubular member wrthin the drilled borehole 

12 A method for forming a mono diameter wellbore cas.ng wrthin a borehole, 
comprising* 

posrt.on.ng an adjustable expans.on mandrel wrthin a f,st expandable tubular 
member; 

coupling a dr.ll.ng member to an end of the first expandable tubular member; 
drilling a first section of the borehole using the drilling member, 
supporting the first expandable tubular member and the adjustable expans.on 
mandrel within the drilled first sect.on of the borehole; 

lowenng the adjustable ex P ans.on mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the adjustable expans.on mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubular member wrthin the drilled first section of the 
borehole; 

pressunng an interior portion of the first expandable tubular member above the 
adjustable expans.on mandrel during the rad.al expans.on and plastic deformation of 
the first expandable tubular member with.n the first drilled section of the borehole; 

positions the adjustable expansion mandrel wrth.n a second expandable tubular 

member, 

coupling the drilling member to an end of the second expandable tubular 
member; 

dnlling a second sect.on of the borehole using the drilling member; 

supporting the second expandable tubular member and the adjustable ex P ans.on 
ma ndre. with.n the borehole in overlapp.ng relation to the first expandable tubular 
member wrthin the second dnlled section of the borehole; 

.owering the adjustable expansion mandrel out. of the second expandable tubular 

member; 

increasing the outside dimension of the adjustable expansion mandrel; 
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displacing the adjustable expansion mandrel upwardly relative to the second 
expandable tubular member n times to radially expand and plastically deform n 
portions of the second expandable tubular member within the drilled second section of 
the borehole; and 

pressuring an interior portion of the second expandable tubular member above 
the ad]ustable expansion mandrel during the radial expansion and plastic deformation 
of the second expandable tubular member within the drilled second section of the 
borehole. 

13 An apparatus for radially expanding and plastically deforming an expandable 

tubular member, compnsing: 

a float shoe adapted to mate with an end of the expandable tubular member, 
a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controllably expanded to a first larger outside dimension for radial expansion of the 

expandable tubular member or collapsed to a first smaller outside dimension, 

a second adjustable expansion mandrel coupled to the first adjustable expansion 

mandrel adapted to be controllably expanded to a second larger outside dimension for 

radial expansion of the expandable tubular member or collapsed to a second smaller 

outside dimension; 

an actuator coupled to the first and second adjustable expansion mandrels 
adapted to controllably displace the first and second adjustable expansion mandrels 
relative to the expandable tubular member; 

a locKing device coupled to the actuator adapted to controllably engage the 

expandable tubular member; and 

a support member coupled to the locking device, 

wherein the first larger outs.de dimension of the first adjustable expansion 
mandrel is larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

14. A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within the 

expandable tubular member; 
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supporting the expandable tubular member and the first and second adjustable 
expansion mandrels within the borehole, 

lowering the first adjustable expansion mandrel out of the expandable tubular 
member; 

5 increasing the outside dimension of the first adjustable expansion mandrel, 

displacing the first adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically deform a lower portion of 
the expandable tubular member; 

displacing the first adjustable expansion mandrel and the second adjustable 
10 expansion mandrel downwardly relative to the expandable tubular member, 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel, 

displacing the second adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically deform portions of the 
15 expandable tubular member above the lower portion of the expandable tubular 
member; 

wherein the outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion rv&ndrel. 

20 1 5. A method for forming a mono diameter wellbore casing, compnsing. 

positioning first and second adjustable expansion mandrels within a first 
expandable tubular member; 

supporting the first expandable tubular member and the first and second 
adjustable expansion mandrels within a borehole; 
25 lowering the first adjustable expansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the first 
expandable tubular member to radially expand and plastically deform a lower portion of 
30 the first expandable tubular member; 

displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the first expandable tubular member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel; 
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d,splac,ng the second adjustable expans.on mandrel upwardly relative to the f,st 
expandable tubular member to rad.a.ly expand and plastically deform port.cn. of the 
first expandable tubu.ar member above the lower port,on of the expandable tubular 
member; 

5 pos.fion.ng first and second adjustable expansion mandrels with.n a second 

expandable tubular member; 

supporting the first expandable tubular member and the first and second 
adjustable expansion mandrels within the borehole in overlapping relat.on to the first 

expandable tubular member; 
10 lowenng the first adjustable expans.on mandrel out of the second expandable 

tubular member; 

,ncreas,ng the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the second 
expandable tubu.ar member to radiaily expand and plastically deform a lower port.cn of 
1 5 the second expandable tubular member; 

displacing the first adjustable expans.cn mandrel and the second adjustable 
expans.cn mandrel downwardly relative to the second expandable tubular member; . 

decreas.ng the out:,de dimension of the first adjustable expansion manovel and 
increase the outside d.mens.on of the second adjustable expansion mandrel; and 
20 displaang the second adjustable expans.on mandrel upwardly relative to the 

second expandable tubular member to rad.al.y expand and plastically deform porfions 
of the second expandable tubular member above the lower portion of the second 
expandable tubular member, 

where.n the outside dimension of the first adjustable expansion mandrel >s 
greater than the outside dimension of the second adjustable expansion mandrel 

16 . An apparatus for rad.ally expanding and plastically deforming an expandable 

tubular member, comprising 

a float shoe adapted to mate with an end of the expandable tubular member, 
a first adjustable expans.on mandrel coupled to the float shoe adapted to be 
controllably expanded to a first larger outs.de dimens.on for radial expansion of the 
expandable tubular member or collapsed to a first smaller outside dimens.on; 

a second adjustable expans.on mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside dimens.on for 
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radial expansion of the expandable tubular member or collapsed to a second smaller 
outside dimension; 

an actuator coupled to the first and second adjustable expansion mandrels 
adapted to controllably displace the first and second adjustable expansion mandrels 
relative to the expandable tubular member, 

a locking device coupled to the actuator adapted to controllably engage the 
expandable tubular member; 

a support member coupled to the locking device, and 

a sealing member for sealingly engaging the expandable tubular adapted to 
define a pressure chamber above the first and second adjustable expansion mandrels 
during the radial expansion of the expandable tubular member; 

wherein the first larger outside dimension of the first adjustable expansion 
mandrel is larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

17 A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within the 
expandable tubular member; 

supporting the expandable tubular member and the first and second adjustable 
expansion mandrels within the borehole; 

lowering the first adjustable expansion mandrel out of the expandable tubular 
member; 

increasing the outside dimension of the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically deform a lower portion of 
the expandable tubular member; 

pressurizing an interior region of the expandable tubular member above the first 
adjustable expansion mandrel during the radial expansion of the lower portion of the 
expandable tubular member by the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the expandable tubular member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel, 
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displacing the second adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically deform portions of the 
expandable tubular member above the lower portion of the expandable tubular 
member, and 

5 pressurizing an interior region of the expandable tubular member above the 

second adjustable expansion mandrel dunng the radial expansion of the portions of the 
expandable tubular member above the lower portion of the expandable tubular member 
by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is 

1 0 greater than the outside dimension of the second adjustable expansion mandrel 

18. A method for forming a mono diameter wellbore casing, compnsing: 

positioning first and second adjustable expansion mandrels within a first 

expandable tubular member; 
15 supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within a borehole, 

lowering the first adjustable expansion mandrel out of the first expandable tubular 

member, 

increasing the outside dimension of the first adjustable expansion mandrel; 
20 displacing the first adjustable expansion mandrel upwardly relative to the first 

expandable tubular member to radially expand and plastically deform a lower portion of 
the first expandable tubular member; 

pressurizing an interior region of the first expandable tubular member above the 
first adjustable expansion mandrel during the radial expansion of the lower portion of 
25 the first expandable tubular member by the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the first expandable tubular member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel; 
30 displacing the second adjustable expansion mandrel upwardly relative to the first 

expandable tubular member to radially expand and plastically deform portions of the 
first expandable tubular member above the lower portion of the expandable tubular 
member; 
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pressurizing an interior region of the first expandable tubular member above the 
second adjustable expansion mandrel during the radial expansion of the portions of the 
first expandable tubular member above the lower portion of the first expandable tubular 
member by the second adjustable expansion mandrel; 
5 positioning first and second adjustable expansion mandrels within a second 

expandable tubular member, 

supporting the first expandable tubular member and the first and second 
adjustable expansion mandrels within the borehole in overlapping relation to the first 
expandable tubular member, 
10 lowering the first adjustable expansion mandrel out of the second expandable 

tubular member; 

increasing the outside dimension of the first adjustable expansion mandrel, 

displacing the first adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically deform a lower portion of 
1 5 the second expandable tubular member; 

pressurizing an intenor region of the second expandable tubular member above 
the first adjustable expansion mandrel during the radial expansion of the lower portion 
of the second expandable tubular member by the ?*ist adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel and the second adjustable 
20 expansion mandrel downwardly relative to the second expandable tubular member , 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to radially expand and plastically deform portions 
25 of the second expandable tubular member above the lower portion of the second 
expandable tubular member; and 

pressurizing an interior region of the second expandable tubular member above 
the second adjustable expansion mandrel during the radial expansion of the portions of 
the second expandable tubular member above the lower portion of the second 
30 expandable tubular member by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel 



87 



19 An apparatus for radially expanding and plastically deform.ng an expandable 
tubular member, comprising' 

a support member; 

a locking device coupled to the support member and releasably coupled to the 

expandable tubular member; 

an adjustable expansion mandrel adapted to be controllably expanded to a larger 
outs.de dimension for radial expansion and plast.c deformation of the expandable 
tubular member or collapsed to a smaller outside dimension, and 

an actuator coupled to the locking member and the adjustable expansion 
mandrel adapted to displace the adjustable expansion mandrel upwardly through the 
expandable tubular member to radially expand and plastically deform a portion of the 
expandable tubular member. 

20 The apparatus of claim 19, further comprising 

a gripping assembly coupled to the support member and the actuator for 
controllably gnpping at least one of the expandable tubular member or another tubular 
member. 

21 The apparatus of claim 19, further comprising. 

one or more cup seals coupled to the support member for sealingly engaging the 
expandable tubular member above the adjustable expansion mandrel 

22. The apparatus of claim 1 9, further comprising- 

an expansion mandrel coupled to the adjustable expansion mandrel, and 
a float collar assembly coupled to the adjustable expansion mandrel comprising: 
a float valve assembly; and 

a sealing sleeve coupled to the float valve assembly adapted to be radially 
expanded and plastically deformed by the expansion mandrel 

23. A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising. 

supporting the expandable tubular member, an hydraulic actuator, and an 
adjustable expansion mandrel within the borehole; 

increasing the size of the adjustable expansion mandrel; and 
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displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member using the hydraulic actuator to radially expand and plastically deform a 
portion of the expandable tubular member 

5 24 The method of claim 23, further comprising 

reducing the size of the adjustable expansion mandrel after the portion of the 
expandable tubular member has been radially expanded and plastically deformed. 

25. The method of claim 24, further comprising. 
10 fluidicly sealing the radially expanded and plastically deformed end of the 

expandable tubular member after reducing the size of the adjustable expansion 
mandrel. 

26 The method of claim 25, further comprising: 
15 permitting the position of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fluidicly sealing the radially expanded and 
plastically deformed end of the expandable tubular member. 

27. The method of claim 26, further comprising- 

20 injecting a hardenable fluidic sealing material into an annulus between the 

expandable tubular member and a preexisting structure after permitting the position of 
the expandable tubular member to float relative to the position of the hydraulic actuator. 

28. The method of claim 26, further comprising: 

25 increasing the size of the adjustable expansion mandrel after permitting the 

position of the expandable tubular member to float relative to the position of the 
hydraulic actuator. 

29. The method of claim 28, further comprising: 

30 displacing the adjustable expansion cone upwardly relative to the expandable 

tubular member to radially expand and plastically deform another portion of the 
expandable tubular member. 

30 The method of claim 29, further comprising: 
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I the end of the otber portion o, ft. expandable tabular member overtaps «th a 
Pre rr»I'rU of W expandable — * « ~- <° 

JZZ ^ 'he ny*au»c - .0 radlall, expand and p,a*a,„ de 0™ 
rind o, the other portion 0, .be expandable tubuiar member that overlaps w,b .be 
preexisting structure. 

A method for forming a mono diameter wellbore casing wrtb.n a borehote M 
includes a preexisting wellbore casing, comprising: 

supporting .be expanse .abater member, an hydra* ao.ua.or. and 
adjuslable expansion mandrel within the borehole, 

increasing the size of the adjustable expansion mandrel, 
16 Z the ad.us.able expansion mandre, relative .0 .be expandable 

" tu J mem:, using i. h,d,a U „c actuator - — » expand and plasdcall, deform a 
nnrt.nn of the expandable tubular member; and 

P ° rt '° ; In^he .iu.ab.te expansion mandre, upward,, relative to the^panda * 
lu6u ,ar member ,0 red* expand and plastic* deform ,be remaining port of 
20 expandable tebuter member and a portion 0. the preexist™ we bore c~, 
Jertaps wah an end 0, the remaining portten of » expandable tubular member. 

32 The metnod of claim 31, further comprising- 

reducing the size o, trie adjustable expansion mandre, arte, tbe porhon of the 
26 expandable .ubular member has been radial* expanded and plastlcall, deformed. 

33 The method of claim 32. further comprising 

fteidlcly sealing .he radial,, expanded and pfasbcall, deformed end 0, fte 
JZ. tubular member arter reducing .he s.e of the arable expansion 

30 mandrel. 

34. The method of claim 33. further comprising. 
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permitting the posit.on of the expandable tubular member to float relative to the 
position of the hydraulic actuator after fluid.cly sealing the rad.ally expanded and 
plastically deformed end of the expandable tubular member. 

5 35 The method of claim 34, further comprising. 

injecting a hardenable fluidic sealing material into an annulus between the 
expandable tubular member and the borehole after permitting the position of the 
expandable tubular member to float relative to the position of the hydraulic actuator. 

10 36 The method of claim 34, further comprising- 

increasing the see of the adjustable expansion mandrel after permitting the 
posit.on of the expandable tubular member to float relative to the position of the 
hydraulic actuator 

15 37. The method of claim 36, further comprising: 

displacing the adjustable expansion cone upwardly relative to the expandable 
tubular member to radially expand and plastically deform the remaining portion of the 
expandable tubular member • 

20 38 The method of claim 37, further comprising 

not permitting the position of the expandable tubular member to float relative to 
the position of the hydraulic actuator, and 

displacing the adjustable expansion cone upwardly relative to the expandable 
tubular member using the hydraulic actuator to radially expand and plastically deform 
25 the end of the remaining portion of the expandable tubular member that overlaps with 
the preexisting wellbore cas.ng after not permitting the position of the expandable 
tubular member to float relative to the position of the hydraulic actuator 
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Amendments to the claims have been fled as follows 

1 . An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising. 
5 a support member; 

a gripping device for gripping the tubular member coupled to the support 

member; 

a sealing device for sealing an interface with the tubular member coupled to the 
support member; 

10 a locking device for locking the position of the tubular member relative to the 

support member; 

a first adjustable expansion device for radially expanding and plastically 
deforming the tubular member coupled to the support member; 

a second adjustable expansion device for radially expanding and plastically 
1 5 deforming the tubular member coupled to the support member; 
a packer coupled to the support member; and 

an actuator for displacing one or more of the sealing assembly, first and second 
adjustable expansion devices, and packer relative to the support member. 

20 2. The apparatus of claim 1 , wherein the gripping device comprises a plurality of 
movable gripping elements. 

3. The apparatus of claim 2, wherein the gripping elements are moveable in a radial 
direction relative to the support member. 

25 4. The apparatus of claim 1 , wherein the sealing device seals an annulus defined 
between the support member and the tubular member. 

5. The apparatus of claim 1 , wherein the actuator comprises means for transferring 
30 torsional loads between the support member and the expansion device. 

6. The apparatus of claim 1 , wherein the actuator comprises a plurality of pistons 
positioned within corresponding piston chambers. 



7. The apparatus of claim 1 . wherein at least one of the adjustable expans.on 

devices comprise: 

a support member, and 

a plurality of movable expansion elements coupled to the support member. 

5 

8 The apparatus of claim 7, further comprising: 

an actuator coupled to the support member for moving the expansion elements 
between a first position and a second position; 

wherein in the first position, the expansion elements do not engage the tubular 

10 member; and 

wherein in the second position, the expansion elements engage the tubular 
member. 

9. The apparatus of claim 8, wherein the expansion elements comprise: 
1 5 a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are interleaved with the second set of 
expansion elements. 

20 10 The apparatus of claim 9, wherein in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

1 1 The apparatus of claim 9, wherein in the second position, the first set of 
expansion elements are axially aligned with the second set of expansion elements. 

25 1 2. The apparatus of claim 1 , wherein at least one of the adjustable expansion 
devices comprise a plurality of expansion devices. 

13. The apparatus of claim 12. wherein at least one of the adjustable expansion 

30 devices comprise: 

a support member, and 

a plurality of movable expansion elements coupled to the support member. 



14 The apparatus of claim 13, further comprising: 



member, and oi^mpnts enqaqe the tubular 

5 whe re,n » the second position, the expans.cn elements eng g 

member 

a first set of expansion elements; and 
10 a second set of expansion elements; ^ ^ Qf 

wherein the first set of expansion elements are .nterlea 
expansion elements. 

16 The appals o, d*. «n in « po*, » M - - — 
„ - a« *- * " — - - expansion 

-« of claim 15 wherein in me second position, the Brat set of 
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